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CHAPTER I. INTRODUCTION 
Agriculture in the United States and other advanced countries is 
undergoing dramatic changes. Output and output potential increases while 
the number of farm workers and farms declines. Farm size is expanding in 
terms of acres, sales and value of productive capital. These changes 
reflect adjustment to the pressures brought on agriculture by economic 
growth. 
Under economic growth, the relative prices and productivities of 
factors favor the substitution of capital inputs for labor. Some capital 
forms substitute directly for labor as in the case of power and equipment 
which enables each worker to handle more acres or animals. Other capital 
forms also serve as substitutes for labor in a more Indirect way. Biolog­
ical and chemical inputs permit greater output per unit of production. 
While slightly more labor may be needed to apply fertilizer, pesticides, 
and other inputs the labor needed per unit of output is reduced. Also, 
as production becomes based more on highly capitalized methods, cost 
economies of the farm firm become more important. 
The decline in farm units and families, increased farm size and an 
increasing proportion of capital in the input mix are all natural out­
growths of these forces of economic development. 
Even though agriculture has changed greatly under economic growth, 
the adjustments have not been rapid enough to keep per capita incomes on 
par with the nonfarm sector. Resource returns and incomes in agriculture 
have been and continue to be depressed. The adoption of technologically 
improved inputs permits supplies to increase faster than demand. These 
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increased supplies, coupled with an inelastic demand, lower gross revenue 
and signal the need to transfer resources out of agriculture. But re­
sources transfer out of agriculture sluggishly in the short-run. Oppor­
tunity costs or reservation prices are low for buildings, machinery, land 
and to a certain extent labor due to the limited alternative uses and 
employments in the nonfarm sector. The psychological attachment of labor 
to the farm and farm community also retards its mobility. 
Economic growth, which encourages the injection of more capital in 
the input mix of agriculture and the displacement of conventional inputs 
such as land and labor, directly influences the structural and organi­
zational make-up of agriculture. However, surplus output and depressed 
resource returns and incomes need not result. Income problems arise when 
capital is brought in to "substitute" for conventional inputs such as 
labor and land but rather than leave, part of the redundant inputs con­
tinue to be employed in agriculture. 
Economic Growth, Factor Prices and Productivities 
An understanding of the forces working on agriculture as the result 
of economic growth is a prerequisite to explaining and analyzing the 
trends and problems of agriculture. In earlier stages of economic devel­
opment, labor is in large supply compared to capital and the price of 
labor is low relative to capital. Hence, the input mix is composed mostly 
of labor. At the time of Thomas Jefferson over 90 percent of the United 
States population was engaged in agricultural production. At this stage 
of development, the relative prices and supplies of labor and capital 
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were such that labor intensive methods were the most profitable. Many 
countries are currently in this stage. They, too, find the capital and 
labor prices favor labor oriented techniques. As development continues, 
capital supply increases and its price becomes more favorable relative to 
labor. As capital is accumulated the average productivity of the national 
labor force is enhanced. Increased wages then are possible. As the ratio 
of labor to capital prices declines, an increasing number of capital inten­
sive techniques can be introduced profitably into agriculture. Even if 
the latest technological information was common knowledge over the world, 
the capital-labor mixes used in agricultural production would differ. The 
combination of capital and labor used would depend on the stage of devel­
opment as reflected by the supplies and prices of the two resources. 
The changes in resource prices that have encouraged United States 
agriculture to use a richer proportion of capital are shown in Table 1. 
Using the price of labor as a deflator, the real or relative price of 
capital inputs has declined steadily except during the thirties. 
Table 1. Index of price relatives for selected categories of inputs, 
1910-69, United States (1910-19 = 100)® 
Price relative 1910-19 1920-29 1930-39 1940-49 1950--59 I960. -69 
Fertilizer/labor 100.0 78.0 87.8 42.9 29. 9 20. 1 
Machinery/labor 100.0 91.0 133.2 66.7 66. 8 61. 2 
Short term 
interest/labor 100.0 67,0 94.0 32,8 18 .9 13, 7 
All capital/labor 100.0 66.4 101.5 61,9 51. 5 36. ,6 
Land/labor 100.0 78,8 87.8 58,9 48. 9 52. 2 
^Sources: (152; 154: 159). 
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Relative prices are only one set of forces influencing the resource 
mix. Changes in relative input marginal productivities are equally impor­
tant. In agriculture, the marginal productivity of capital has steadily 
increased relative to labor. Completely new capital items have been 
introduced but most of the advance has come through improved "models" of 
established capital categories. New seed varieties, feed additives, 
pesticides, machinery and equipment have been and will continue to be 
introduced to replace last year's less productive models. 
The competitive nature of agriculture encourages farmers to adopt 
these new capital items quickly. Since individual farmers have no control 
over price in a competitive market, they attempt to increase income by 
expanding output. While farmers could produce a constant output with 
fewer but more productive resources, they are more interested in combining 
new technologies with their available labor and land, changing the resource 
mix, and thereby increasing output by a greater proportion than cost. 
With constant price, revenue increases from the sale of the output would 
also be proportionally greater than cost. But as other farmers follow the 
same strategy, total output growth becomes large and price does not remain 
constant, but declines. Due to the inelastic demand for agricultural out­
put, price declines by a larger proportion than output increases. The net 
effect is a decline in income for the agricultural sector. However, indi­
vidual farmers who have increased the use of inputs by the largest propor­
tions and have utilized profitable new technologies have partly offset the 
decline in prices by greater volume and lower unit costs. Hence, some 
have increased their income but others, due to capital limitations and 
other reasons, have experienced sharp declines in income. 
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The steady development and accumulation of knowledge and new capital 
items that have so greatly enhanced the output capacity of agriculture 
have originated from both the public and private sectors. In the early 
stages of development when agriculture used largely labor oriented tech­
niques, the public sector played the dominant role in researching and 
communicating new agricultural technologies. But as the substitution of 
capital for labor gained momentum, input supply industries saw research 
and development of improved capital items as a means of further increasing 
their markets and profits. The private sector has become an increasingly 
important force in uncovering new farming knowledge and in carrying this 
knowledge directly to farmers. 
Economic Growth and Demand Elasticities 
The major determinants of demand for any good are its own price and 
prices of substitutes and complements, the level of per capita income and 
the size of the population. 
Since everyone must eat to stay alive, increases in population di­
rectly expand food demand. The influence of income and price, however, 
depends on the general income level of the populace. In early stages of 
development with per capita income levels prohibiting an adequate diet, 
income increases or price declines expand food demand greatly. But in 
advanced countries, where the marginal urgency of food is low, little of 
the income gains is spent on food. Once a person has filled his stomach, 
he is not interested in eating more, no matter how fat his billfold or 
how low the food price. He may, however, change the composition of his 
diet, as income increases, to include better cuts of meat, more fruits and 
6 
vegetables, etc. The slight Increase in food expenditures as income 
increases is due partially to this change in quality, but most of the 
increase goes for packaging and services associated with the food. The 
low income elasticity of food effectively restrains demand expansion to 
the rate of population growth. 
With income elasticities for other commodities being much higher than 
food, the demand for nonfarm products expands faster than for farm prod­
ucts. As a result, agriculture's share of national income and national 
resources declines under economic growth. 
This de-emphasization of agriculture reflects the consumers' changing 
priorities as incomes increase. Securing food no longer is the primary 
motivation of life in advanced economies, and consumers want more resources 
used to make goods and provide services that make life easier, give pleas­
ure or provide comfort. These wishes are reflected in the prices consumers 
are willing to pay in the market place and in the proportion of their 
budget they allocate to food versus nonfood items. The disparity in the 
magnitude of Income elasticities for farm and nonfarm commodities is a cue 
from the consumers that relatively more of the nation's resources should 
be devoted to "luxury goods" and less to food production as income in­
creases. 
The physical quantity of food demanded is nearly as unresponsive to 
price changes as it is to income changes. The aggregate price elasticity 
of food demand in the United States has been estimated to be as low as 
-.25. Hence, a 40 percent decline in food prices would be necessary to 
increase the quantity of food demanded by 10 percent. Conversely, a 
10 percent increase in agricultural output depresses the price of food 
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by 40 percent. Since, to clear the market, price must decline by a greater 
proportion than output Increases, farmers' revenues decline. Thus, if the 
supply of agricultural products increases faster than the population, 
prices are pushed down and aggregate farm income decreases. 
In the earlier stages of economic growth, food demand shifts readily 
as income increases. Similarly, price declines result in a proportionally 
greater increase in food consumption. But under economic growth, income 
and demand elasticities soon drop to low levels, making agriculture subject 
to income problems. The bidding up of nonfarm goods as income increases 
puts upward pressure on the prices of raw materials used in agriculture. 
Since consumers put a low premium on food, farmers find costs rising while 
farm prices remain constant or even decline. This "cost-price squeeze" is 
accentuated if technological advance enables supply to increase more 
rapidly than demand. Under these circumstances total costs rise and farm 
receipts decline. 
Trends in Resource Use and Output 
The Influence of changing relative prices of capital and labor, tech­
nological advance, scale economies and low price and income elasticities 
for food on agriculture can be illustrated by reviewing some historical 
trends. While the forces of economic growth affect nearly every measure 
of economic activity and structure, the following sections will emphasize 
changes in resource organization and use and changes in farm output and 
income. 
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Farm output and total resource use 
The capacity of United States agriculture to produce food has been 
expanding throughout the country's history. Most of the increase prior to 
the 1930's came from increases in the quantity of inputs employed in agri­
cultural production. During this time, labor and land were brought into 
farming by the Homestead Act, Land used for crops increased by 150 percent 
from 1800 to 1920. Much of the increase in the latter part of this period 
came from plowing up virgin soil in existing farms. Farm employment in­
creased from less than 5 million in 1840 to over 13 million by 1920. In­
creasing amounts of farm produced seed and power, and purchased capital 
items were combined with expanding land and family labor to boost farm 
output. 
After 1930, farm output continued its upward trend, except for the 
interruptions of the droughts of 1934 and 1936. But, in contrast to 
earlier periods, the increased output was not associated with similar 
increases in total farm inputs. Total inputs increased only 17 percent 
between 1930 and 1970 while output jumped 103 percent (Table 2). As a 
result, average input productivity, or output per unit of input, has 
increased markedly. Technological improvements accompanied with economic 
incentives to encourage their adoption, have enabled fewer farmers to 
supply larger quantities of agricultural products from the same or even 
slightly less land. Thus, while output has increased greatly, the over-all 
measure of input usage has Increased only slightly causing output per unit 
of input to rise. 
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Table 2. Index of farm output, inputs and productivity for selected 
years, 1930-70, United States (1930 = 100)* 
Year Farm output Total inputs Productivity 
1930 100 100 100 
1935 100 91 110 
1940 115 100 115 
1945 133 102 130 
1950 141 104 135 
1955 157 105 150 
1960 174 104 167 
1965 187 107 174 
1970 203 117 174 
^Sources; (169? 171; 201). 
Table 3 compares commodity output and total input use changes between 
1930 and 1967. Soybean production in 1967 was nearly 70 times larger than 
in 1930. The production of feed grains and wheat made substantial gains 
but tobacco production was up only moderately. Due to unusually low cotton 
output in 1967, averages of 1965-67 cotton output and input usage were 
used in Table 3 rather than 1967 figures. Average cotton production during 
1965-67 was down 23 percent from its 1930 level while input usage declined 
by 62 percent. Input levels used to produce feed grains, wheat and soy­
beans have increased but by smaller proportions than the crop outputs. 
Table 3 indicates productivity increases have been greatest for feed grains 
and cotton. Hybrid seed for corn and grain sorghum, increased fertilizer 
applications, and larger machinery and reductions in labor requirements 
have advanced the average productivity of inputs used in feed grain pro­
duction. Increased mechanization and the attendant decline in labor 
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requirements, increased fertilizer and regional specialization are proba­
bly important sources of input productivity increases in cotton production. 
Table 3, Percentage change in output and input use from 1930 to 1967 for 
selected crops^ 
Percent change Percent change 
Crop in output in total inputs® 
Feed grains 126 65 
Wheat 72 61 
Soybeans 6,922 5,640 
Cotton® -23 -62 
Tobacco 20 -4 
^See Appendixes A and B for data sources and base data. 
'^Inputs included are: fertilizer and lime, seed, labor (man-hours 
times 1947-49 average cash wage rate), depreciation and interest on machin­
ery, interest on real estate and depreciation and repairs on improvements, 
machinery fuel, oil and repairs expense, miscellaneous expense, interest 
on farm held commodity stocks, and real estate taxes. 
®Average 1965-67 data were used for cotton due to unusually low 
cotton crop in 1967, 
Changes in stock of capital 
The quantity of capital stock used in farming has increased substan­
tially over the last three decades. Machinery stocks measured in 1947-49 
dollars, increased by over three times between 1930 and 1967 (Table 4). 
Most of the increase came in the immediate post World Var II years. Fol­
lowing the war, factories geared up quickly to satisfy the domestic machin­
ery demand that built up, b\Jt was restrained, during the war. Price and 
productivity relationships made machinery additions profitable. Also, the 
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relatively high commodity prices in the late forties allowed accumulation 
of liquid assets. Economic incentive plus the necessary "wherewithal" to 
replace obsolete and inefficient machinery caused machinery stock to double 
from 1945 to 1950. Stocks increased some the first half of the 1950's then 
remained constant and even declined slightly late in the decade. Apparent­
ly purchases during this time were primarily to replace depreciated out 
equipment and not to increase machinery stocks. During the latter part of 
the sixties, however, net additions to stock were again being made. 
Table 4, Quantities of selected capital assets used in United States 
agriculture, 1930-67 (1930 = lOO)* 
Farm Machinery Crop and livestock Average stock 
Year real estate stock inventory physical assets 
1930 100 100 100 100 
1935 80 74 102 82 
1940 79 95 114 85 
1945 93 104 126 99 
1950 97 212 125 106 
1955 111 237 137 121 
1960 130 236 148 138 
1965 149 269 157 155 
1967 160 334 164 169 
^The index numbers were formed from data on capital assets measured 
in constant 1947-49 dollars. See Appendixes A and B for data sources and 
base data. 
Real estate value in 1947-49 dollars did not increase as fast between 
1930 and 1967 as machinery stocks. However» between 1930 and 1967 a 
60 percent increase in real estate value was recorded. The real estate 
index in Table 4, which is formed from the current value of land and 
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buildings deflated by the implicit Gross National Product deflator, shows 
a 20 percent drop in real estate value during the depression. The constant 
value of land and buildings did not reach the 1930 level again until the 
early fifties. Since 1950 the current value of the relatively fixed 
stock of real estate has increased faster than the general price level. 
Technological improvements that have increased the per acre output capacity 
of land, the price stabilizing aspects of farm programs, pressures on 
individual farmers to expand acreage, and increased irrigation, drainage 
and clearing of land have all exerted upward pressure on land price and 
the value of land. 
The last column in Table 4, average stock of physical assets, is an 
index (1930 = lOO) of the sum of the beginning and ending calendar year 
averages of crop, livestock and machinery stocks plus the value of land 
and buildings, all in constant 1947-49 dollars. Since real estate makes 
up over 60 percent of total capital value, the physical assets measure 
follows the real estate trend closely. 
The constant dollar value of physical assets used in the production 
of livestock, wheat and tobacco has not increased as fast as for agri­
culture as a whole (Table 5). Soybeans, with few assets used for its 
production in 1930, show a very large gain. Soybeans' share of total 
assets increased from one-tenth of one percent in 1930 to 5.5 percent in 
1967. Assets used for feed grains doubled while assets used for cotton 
halved. The sharp decline for cotton resulted from the drastic reduction 
in acres planted to cotton. Cotton acreage dropped by three-fourths from 
1930 to 1967. 
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Table 5. Percentage change in the stock of physical assets from 1930 to 
1967 by commodities and each commodity's share of total physical 
assets for 1930 and 1967® 
Commodity 
Percent change 





Livestock 66 47.7 46.7 
Feed grains 102 17.7 21.1 
Wheat 62 6.2 5.9 
Soybeans 8,150 .1 5.5 
Cotton -50 7.7 2.3 
Tobacco 3 2.5 1.5 
Other 18.1 17.0 
Total 69 100.0 100.0 
Stock of physical assets is defined here as the sum of the beginning 
and ending calendar year averages of commodity and machinery stocks in 
millions of 1947-49 dollars plus the current value of land and buildings 
deflated by the implicit GNP deflator. See Appendixes A and B for data 
sources and base data. 
Input levels and proportions 
The stock of physical capital in agriculture has increased, but not as 
fast as the use of capital inputs. All categories of capital inputs in 
Table 6 have increased substantially since 1930. The index of all nonreal 
estate capital inputs tripled between 1930 and 1967. Fertilizer and lime 
usage increased tenfold. In contrast, labor dropped by two-thirds while 
land used for crops declined nearly 30 percent. These index numbers 
indicate some of the adjustment that has taken place in agriculture since 
1930. Technologically improved capital items, priced low relative to 
labor, have been increasingly brought into agricultural production. The 
increased productivity and use of capital has enabled agriculture to 
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increase production 95 percent between 193C and 1967 with much less labor 
and some less land. 
Table 6. Index of major categories of inputs for the United States, 
1930-67 (1930 = 100)® 
Resource category 1930 1940 1950 1960 1967 
Cropland 100 94 94 89 71 
Labor IOC 89 66 43 32 
Fertilizer and lime 100 127 289 543 1,030 
Machinery interest and 
depreciation 100 89 179 210 186 
Machinery fuel, oil and 
repairs 100 142 388 402 451 
Miscellaneous 100 96 133 199 274 
All nonreal estate 
capital inputs 100 106 183 240 303 
^See Appendixes A and B for data sources and base data. 
The trend toward more capital and less labor in the input mix used 
to produce individual crops is evident in Table 7, Soybeans register 
gains in both capital and labor due to acreage increases. But capital 
inputs used in soybean production have accelerated upward much faster than 
labor. Labor used for cotton production in 1967 is down 94 percent from 
1930. Capital inputs for feed grain and wheat production have Increased 
by about three times while labor requirements have declined by over three-
fourths between 1930 and 1967. 
Accompanying the capital deepening in agriculture has been a greater 
reliance on inputs produced off the farm. In early stages of economic 
development. Inputs used in agriculture consist largely of those owned by 
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Table 7, Index of acreage, labor and nonreal estate capital used to 
produce selected crops, 1930-67 (1930 = lOO) 
Nonreal estate 
Crop and year Acreage Labor capital inputs 
Feed grain^ 
1930 100 100 100 
1940 94 90 111 
1950 94 49 210 
i960 89 26 260 
1967 71 17 325 
Wheat 
1930 100 IOC 100 
1940 87 68 93 
1950 101 48 176 
1960 82 28 199 
1967 96 24 280 
Soybeans 
1930 100 100 100 
1940 445 353 446 
1950 1,273 607 1,731 
1960 2,173 807 3,511 
1967 3,682 1,273 7,262 
Cotton 
1930 100 100 100 
1940 58 63 71 
1950 44 34 94 
1960 37 22 119 
1967 22 6 75 
Tobacco 
1930 100 100 100 
1940 66 79 84 
1950 75 94 158 
1960 54 69 165 
1967 45 61 182 
^See Appendixes A and B for data sources and base data. 
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the farm family such as land and labor or produced on the farm such as 
horse power, feed, seed and other items. But as the costs of purchased 
inputs decline in relation to imputed costs of farm produced inputs, more 
and more inputs are purchased in the market. In 1910, about two-thirds of 
all inputs used in agriculture were farm supplied. By 1950, the propor­
tions had reversed with paid inputs accounting for two-thirds of all inputs. 
This trend is continuing, partially due to the reduction in the labor force 
and farm numbers. The consolidation of farms releases labor which is 
largely replaced by machinery and other purchased inputs. The amount of 
unpaid or low paid labor declines while purchases of fertilizer and other 
paid inputs often increase. 
Farm Numbers and Sizes 
The average size of farms increased from 175 to 360 acres between 
1940 and 1969 (Table 8). The number of farms dropped by over one-half 
during the same period. Farms under 140 acres have been declining very 
rapidly since 1950. During the 15 year period between 1950 and 1964 the 
number of farms under 140 acres decreased by more than 50 percent. The 
number of farms in the two largest acre categories has increased steadily. 
Farmers with adequate capital and managerial ability have been en­
larging their farm operation to insure a satisfactory income and to realize 
cost economies from mechanization. Many farmers have added acreage with­
out increasing their stock of machinery or hiring extra help. Thus, the 
high fixed costs of modern machinery can be spread over more output result­
ing in lower average costs of production and increased income. 
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Table 8. Numbers and sizes of farms by indicated classes, United States, 
1940-69® 
Item 194C 1945 1950 1954 1959 1964 1969 
Number of all farms 





1,000 acres and more 
Average acres per farm 
^Sources: (138? 139: 140: 141? 159). 
^Number of farms by classes unavailable. 
Gross and Net Incomes 
Gross income from farming has been increasing but so have production 
expenses. Between 1940 and 1968 gross income increased from $11.1 to 
$51.0 billion while production espenses increased from $6.9 to $36.0 
billion (Table 9). Even with the large exodus of labor from farming, per 
capita income from farming has not kept pace with the per capita income 
increases of the nonfarm population. 
The large and continuing influx of highly productive capital inputs 
into agriculture has permitted commodity supplies to increase faster than 
population and food demand. The result, under the low food demand elas­
ticities and low reservation prices of land and labor, has been chronic 
price and income depression. Increased off-farm employment has narrowed 
(thousands) 
6,097 5,859 5,383 4,782 3,710 3,157 2,971 
506 594 489 484 244 183 —* 
3,759 3,445 3,107 2,568 1,866 1,505 —% 
1,108 1,059 1,011 925 792 664 —° 
459 473 478 482 472 451 —~ 
164 174 182 192 200 210 —^ 
100 113 121 130 136 145 —° 
(acres) 
175 216 303 360 
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the gap somewhat, between per capita income of the farm and nonfarm popu­
lation, In 1968, nearly half of the income of farm families was earned in 
towns and cities (Table 9), 
Table 9. Gross income, production expense, c.nd net income for United 
States agriculture and per capita income of farm and nonfarm 
population, 1940-68* 
Per capita 
Gross Per capita farm income income of 
farm Production Net From All nonfarm 
Year income expense income farming sources population 
(billion (billion (billion 
dollars) dollars) dollars) (dollars) (dollars) (dollars) 
1940 11,1 6.9 4,2 158 249 771 
1950 32,3 19.4 12.9 612 884 1,501 
1960 38,1 26.4 11.7 737 1,195 2,219 
1968 51,0 36.0 15.0 1,295 2,426 3,409 
^Source: (179), 
The Farm Problem 
Changes in consumer preferences, production techniques and factor 
prices that accompany economic growth, necessitate adjustments in all 
sectors of an economy. Agriculture is no exception. As we have seen in 
previous sections, the adjustments in resource use in agriculture have been 
great. However, resource returns lag behind the nonfarm sectors. Low 
income problems persist in agriculture because full adjustments to a 
changing economic and technological environment have not been made. Agri­
culture has responded readily to some of the cues of its changed environ­
ment and slowly to others. Additions of highly productive and relatively 
19 
low priced capital inputs into agriculture have occurred steadily. How­
ever, signals to remove less productive and redundant resources out of 
agriculture have been heeded sluggishly. The result is an over commitment 
of resources in agriculture, excess output, depressed prices, and, with 
inelastic food demand, low incomes and resource returns. 
Low incomes in commercial agriculture are a symptom of an underlying 
resource imbalance. Farm output is a function of the level and produc­
tivity of resources used in agriculture. The difference between produc­
tion and demand for farm products at socially acceptable prices reflects 
resource maladjustment within agriculture, and between agriculture and the 
rest of the economy. Attempts to study the farm problem usually emphasize 
either the commodity or the factor markets. However, if we are to follow 
the agricultural cycle from resource use to production to utilization, 
back to resource returns we must integrate the factor and commodity 
markets. This study is an attempt at such an integration. 
Objectives of This Study 
The general objective of this study is to develop and estimate a 
model that explicitly displays the interrelationships of production, price, 
utilization and income within and among agricultural commodity subsectors. 
The structural model of United States agriculture will have submodels for 
livestock, feed grains, wheat, soybeans, cotton and tobacco. The model 
formulation will permit estimation of impacts on the agricultural sector 
and commodity subsectors of selected changes in the levels of nonfarm 
variables such as input prices and individual crop price supports, govern­
ment payments and other variables. 
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The specific objectives of this study are to: 
1, quantify in a recursive econometric model the relationships 
determining resource use, production, price, utilization and gross income 
for each of the following commodity groups; livestock, feed grains, wheat, 
soybeans, cotton and tobacco; 
2, use the model to simulate probable impacts of changes in govern­
ment and other nonfarm variables on the levels of resource use, prices and 
incomes in the agricultural sector; and 
3, project resource and input requirements for each commodity group 
and all United States agriculture to the year 1980. 
In the following three chapters the theoretical, economic and statis­
tical footings of the study are reviewed and the simulation technique used 
in the study is discussed. The discussion of the simulation procedure 
concludes with a structural diagram of the simulation model developed in 
the study. The equation specifications and estimated relations of the 
model are presented in Chapters V through VIII, Chapter IX contains a 
summary of the complete model, tests of the model's predictive ability and 
the results of 17 simulations. Resource requirements for United States 
agriculture and for individual commodities are projected to 1980 in 
Chapter X. Chapter XI summarizes the procedure, results and implications, 
and limitations of the study. 
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CHAPTER II. THEORETICAL CONSIDERATIONS 
The construction of an econometric model begins with the specification 
of relevant variables and relationships which are needed to characterize 
the system. The number of relationships or equations will depend on the 
level of aggregation that is chosen and the objectives of the study. The 
selection of variables is based largely on economic theories concerning the 
behavior of individual firms and consumers. The main theoretical under­
pinnings of the economic model developed in this study are outlined in 
this chapter. 
The Static Theory of the Firm 
The static theory of the competitive firm forms the basis for deriving 
a structural model to explain aggregate behavior in agriculture. Agricul­
ture is one of the few industries which operates in a competitive market 
structure. The number of farms or firms in agriculture is large while the 
size of the individual farms is small compared to the industry. In con­
trast to some nonfarm firms whose management can influence both price and 
output; farmers take prices as given and plan their level of output. More 
accurately, farmers plan their level of inputs and via some notion of the 
relationship of output to inputs (an implicit production function) they 
plan output (19). 
We begin then by assuming that the agricultural firm is operating 
within a perfectly competitive market. The assumed objective of the firm 
is to maximize profit in the face of given output and input prices, and a 
technologically determined production function. Furthermore, inputs and 
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are divisible, adjustments are instantaneous and capital is not limited. 
Profits are the difference between receipts and the sum of costs. The 
production function is the technological relation between factors of pro­
duction and their corresponding outputs. Profits are maximized by deter­
mining the optimal mix of outputs that should be generated from the optimal 
mix of inputs. 
Let us assume that the production function for a multiproduct firm 
allows it to produce R number of commodities with W number of inputs. This 
production function can be represented in implicit form as 
f(xj, X2,...,x^) » 0 
where R + W = n. The R outputs are distinguished from the W inputs by 
sign. Output levels are positive and input levels are negative. 
Within a perfectly competitive market, all input and output prices, 
P^fi * l,...,n), are fixed to the firm. The firm chooses the optimal mix 
of outputs and inputs to maximize profits 
n 
rr ' T. P X. - A (2.1) 
1-1 ^ 1 
where A is fixed cost, subject to the technical rules given by its produc­
tion function 
fCxj, " 0* 
This production function constrains the firm*s choice of input and output 
combinations to its feasible set of production opportunities. To solve 
this constrained maximization problem with the aid of differential calculus, 
we form the Lagrangean function 
Z « TT - \f. 
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The firm's equilibrium position is obtained by differentiating Z with 
respect to the Xj^ (i = l,...,n) and and equating the results to zero 
= Pj - \fJ * 0 (i = l,...,n) (2.2) 
fx = f(xi, *2 " 0 
where f^ is the partial derivative of f with respect to x^. The second-
order conditions for profit maximization require that d^Z = - Xd^f < 0. 
Four propositions can be derived from the equilibrium conditions of 
(2.2). 
1. The rate at which any one product r must be sacrificed to obtain 
any other product r', must equal the ratio of product prices. This equal­
ity relationship can be seen if the second terms of the equations for the 
r-th and r'-th products In (2.2) are moved to the right and one divided by 
the other: 
Pr fr 
P—= f— (r, r' = 1,.,.,R; r 7^ r'), (2.3) 
r ' r' 
2. The rate at which any one input, w, must be substituted for any 
other input, w', must equal the ratio of input prices. Substituting the 
prices and partial derivatives of the equations for the w-th and w'-th 
inputs from (2.2) into (2.3) we have 
P f 
^ (w, w' = 1,...,W: w 5^ w'). 
w w' 
3. The marginal physical productivity of a factor with respect to 
a product (i.e., rate of change of the amount of a factor used with respect 
to the product's output) is equal to their price ratio. Taking the r-th 
24 
output and the w-th input equations from (2.2) gives 
£r . £r (r -
fw, (w = 
Since fj, = af/BXp and f^ « 5f/ô(-x^), we have 
, fr (w -
ôx^  P^  (r • 1,...,R) 
where a(-x^)/3x^ is the marginal productivity of the w-th factor with 
respect to the r-th product. Dividing both sides into 1 and rearranging 
terms, it can be seen that the price of the w-th input must equal the value 
of the w-th input's marginal product for the r-th good. 
p . p ^^r (w - 1 W) 
** r 3(-x*) (r-l,...,R). 
4, The final relation derived from the equilibrium conditions, or 
slight variations near the equilibrium, is that the quantity of the r-th 
product produced is selected so that its marginal cost is equal to its 
price. Total costs are given by 
W 
C - E Pj-xj + A 
w-l * * 
such that the marginal cost of the r-th good produced is 
Assuming unlimited capital, we have seen that the firm will employ 
each factor of production so as to equate the value of marginal product 
of the resource to its price. Static firm theory relates the level of 
resource use to the technical coefficients of the production function and 
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the prices for resources and products. An increase in the marginal rate 
of substitution of the w-th resource relative to the w'-th resource, or to 
the r-th product, will increase the demand for the first resource. A price 
decrease for the input or a price increase for the output will increase 
the usage of the input. 
The firm's equilibrium quantity of inputs to be applied to the pro­
duction of the equilibrium quantity of the outputs can be found by solving 
for and in (2,2). These quantities are derived in an assumed envi­
ronment of perfect knowledge with no capital limitations. Typically, 
however, an agricultural firm operates under capital restrictions. The 
firm then must find that mix of resources and outputs which maximizes prof­
it given the amount of funds it has to spend on inputs. Suppose the firm 
has K dollars to spend on or invest in resources. We form the new 
Lagrangean function 
n W 
Z" T P.x. - A - Xf + ji(K + S P V ) 
i'l 1 1 w-l 
where p, is an Lagrangean multiplier and the entire last term is the con­
dition to limit expenditures on inputs to K. Constraining n to the pro­
duction function and maximizing the new function with respect to x^, X and 
U, the optimal input and product mix can be obtained. The resulting solu­
tions would indicate that maximum profit is obtained when the available 
capital, K, is allocated to the purchase of inputs in such a way that the 
rate of return on that capital is the same for all inputs. 
The owner-management organization of the typical farm-firm is often 
associated with financial constraints on the size of the farm-firm and on 
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its use of Inputs. Uncertainty of future production and prices causes 
both the lenders and the farm-firms to put limits on bank borrowing. Banks 
may not be willing to loan the farm-firm as much as it desires, but not 
infrequently, the lower limit is imposed by the firm itself due to the 
increased risk of insolvency. As the firm accumulates capital and broadens 
its borrowing base, the demand for an input may increase. Thus, as capital 
funds increase, resource demands and proportions are likely to change along 
with outputs even though factor and product prices and factor productiv­
ities remain constant. Under conditions of limited capital, resource 
demands then depend on the technical relations of the production function, 
the prices of factors and outputs, and on the level of capital funds avail­
able for investment. In the empirical resource demand functions presented 
in later chapters, variables are included to allow for changes in capital 
availability. Previous year gross income, the ratio of assets to liabil­
ities and measures of asset stocks are used in the demand functions to 
represent the level of available funds. The income variable indicates 
changes in the availability of internal funds, while the others indicate 
borrowing capacity. 
Firm Behavior and Distributed Lags 
The static theory of the firm presupposes that the firm allocates its 
resources optimally to produce an optimum mix of outputs. The firm re­
sponds to any change in prices or marginal productivities by purchasing 
the new equilibrium level of inputs to produce the new optimum product mix. 
Thus, the firm is assumed to be continually in an equilibrium position. 
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In reality, adjustments in resource use, in response to changes in price 
and to changes in technical coefficients, take time. There are many 
reasons for this time interval. Farmers need time to acquire knowledge 
about the productivity of new innovations and become familiar with their 
use. In the case of durable inputs, farmers must weigh the expected long-
run profitability of the new input against the disposal cost of the inputs 
which are displaced. Highly productive corn drying, handling and storage 
facilities may be purchased in piecemeal, thus allowing gradual deprecia­
tion of old corn cribs, pickers and other equipment. Capital restraints 
also prevent immediate adoption of new resources which require large in­
vestments. 
Farmers also need time to assess the profitability of changed prices 
and productivities of single period resources such as fertilizer, seed and 
pesticides. The innovative farmers may adopt the new input form almost 
at once while many farmers take a "wait and see" attitude. As additional 
information is received, more and more farmers adjust their resource use 
in line with the new input prices and productivities. An individual farmer 
may try only a small amount of the new resource the first year. With 
favorable first year results, he may gradually increase his usage the 
following periods until the profit-maximizing quantity is reached. This 
less than immediate adjustment to changes in economic and technical varia­
bles is partly due to psychological rigidities and uncertainty. Farmers 
must decide if the relative price changes are permanent or only of a 
temporary nature. Weather and other uncontrollable variables add uncer­
tainty to the profit-maximization level of resource use. Tenure arrange­
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ments, contracts, and other institutional arrangements also influence the 
speed of adjustment to new stimuli. These considerations and others cause 
a distributed lag in the adjustment of resource use to changes in marginal 
factor productivities, prices, knowledge and other variables in the agri­
cultural environment. 
In other words, the full resource adjustment in response to changing 
prices and productivities is spread over several periods of time. Only 
if a price or productivity change persists for a sufficiently long time 
will farmers reach the new optimum resource demands. But price and factor 
productivities continually change which continually changes the equilib­
rium position. In each production period, farmers strive to adjust re­
sources to the new equilibrium position but never actually reach it. That 
is, there is only a partial adjustment of resources by farmers in each 
period to changes in prices and productivities. 
These "partial adjustment" considerations can be fused with the 
static theory of resource demand to provide a theoretical framework in 
which to investigate resource demands. Static theory relates resource 
demand to the relative factor and product prices. The partial adjustment 
model, as suggested by Nerlove (97; 98), postulates that the change in 
resource demand between last period and the current period is some propor­
tion of the discrepancy between current period equilibrium demand and 
actual demand in the last period. We can postulate that resource demand 
is a function of relative prices (and possibly other variables to repre­
sent fixed stocks, equity etc.) but producers are able to only partially 
adjust resource use to the equilibrium level. 
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As an illustration, let us assume the equilibrium demand for fertil­
izer, F^, is a simple linear function of the price of fertilizer, Pp^., 
and the prices received for crops, 
Ft = *o + n^Ft + ®2PRt + "t (2-4) 
where u^ is an error term which includes all influences on fertilizer 
demand other than fertilizer price and crop prices. 
Lut this optimum demand for fertilizer is not attained in one period. 
Rather, the following relation holds 
F* - ft.i " - ft-l) 0 < X < 1 (2.5) 
where F. and F are the actual fertilizer demands for the current and 
t t-i 
last periods respectively. That is, the difference between the demand for 
fertilizer in the current period and the demand last period is stated to 
be a proportion, X, of the difference between the equilibrium demand in 
the current period and the actual demand in the last period. Substituting 
(2.4) into (2.5) and solving for F^ gives 
F^ = BqX + a^XPp^ + agXP^t + (l - ^ ^"t* (2.6) 
We will call X the adjustment coefficient. This formulation expresses the 
idea that demand is gradually adjusted over time in response to a change 
in prices. The adjustment is gradual because of physical, psychological 
and institutional restraints. We can see that the level of demand in 
period t is related to past prices as well as to current prices if we 
rewrite (2,5) as 
Ft « XFt + (1 - X)XFt_i + (1 - X)2xFt_2 + ... + (l - X)^Ft-n 
» r (1 - X)^XF 
i=0 
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The influence of past prices on current demand is brought in by the 
inclusion of the previous period demand. Each ^ is a function of prices 
in period t-i, so the influence of past prices is continually carried 
along and helps determine current period demand. The influence of current 
year prices is most Influential, prices from the previous period have 
the next largest influence and so on. The magnitude of influence of past 
prices depends on the size of the adjustment coefficient, X. A small value 
of X indicates that demand in the current period is influenced greatly by 
demand in the previous period, and therefore, the implicit influence of 
prices of previous periods is substantial. The larger the size of the 
adjustment coefficient the less the influence exerted by previous period 
prices. If X = 1, past prices are irrelevant and the model reverts back 
to the static model in which current demand is dependent on current prices. 
The partial adjustment model then assumes that the influence of current and 
past prices follows a geometric distribution. But the data determine the 
parameter of the distribution. Thus, the rate of adjustment in response 
to price changes is allowed to vary among resources depending on the 
adaption rigidities associated with each resource. 
We have seen that the full adjustment of demand following a price 
change is the summation of the adjustments made in past periods. Thus, the 
apparent responsiveness of producers to new stimuli, as measured by elas­
ticities, will be influenced by the time interval considered. The short-
run price elasticity of demand indicated for single-period adjustments may 
be much smaller than a longer-run elasticity which takes into account the 
cumulative influence of past prices. The term short-run elasticity shall 
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be used to mean the percent of change in the current period demand variable 
resulting from a certain percentage change in the current period value of 
an explanatory variable (e.g., resource price). This, of course, is the 
usual elasticity concept. Using mean demand level, F, price level, Pp, 
the elasticity of fertilizer demand with respect to fertilizer price can 
be derived from (2.6) as where a^X indicates how fertilizer demand 
changes over one time period in response to a one-unit change in fertilizer 
price. The long-run elasticity formulation can be viewed as the percentage 
change in demand resulting from a certain percentage change in, say re­
source price, that would occur if producers adjusted immediately to equi­
librium. If X, the adjustment coefficient, is 1, adjustments are immediate 
and the short-run and long-run elasticities are identical. The long-run 
elasticity of fertilizer demand with respect to fertilizer price in (2.6) 
is obtained by dividing a^X by X and multiplying the result by the ratio 
of fertilizer price to fertilizer demand. Again, this estimate is usually 
calculated at the demand and price means. The regression coefficient, 
say g, associated with lagged fertilizer demand permits us to estimate the 
adjustment coefficient as X « 1-g. The smaller the value of X the larger 
the discrepancy will be between the short-run and long-run elasticities. 
That is, if X is small, many years will pass before the full impact of a 
price change on demand will be realized. An estimate of the time interval 
that must elapse to reach a specified proportion of the total adjustment 
is given by 
-HttI log(l-X) 
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where P is the specified proportion of the total adjustment, X is the 
adjustment coefficient and YTA is years to adjustment. If P = .10 and 
X = ,2 the years to adjustment are calculated to be 10. That is, if 
X » ,2, 10 years are required to make 90 percent of the adjustment to the 
equilibrium level. 
Input Supplies and Prices 
In the competitive environment of agriculture, an individual farmer 
can not influence input prices. But, in the aggregate, the resource struc­
ture of an industry depends on the supply conditions for resources as well 
as the resource demand relations. With this in mind, we briefly review 
the supply conditions for agricultural resources. 
The price of agricultural inputs supplied by industrial sources is 
thought to be influenced very little by changes in aggregate input demand 
in the short-run. Several considerations support this hypothesis. Farm 
input suppliers tend to operate within highly concentrated oligopolistic 
market structures. Therefore, the actions of suppliers are interdependent. 
Firms try to attract patrons by advertising, offering expanded services, 
and by other nonprice types of persuasion. Hence, prices to farmers tend 
to be sticky at various demand levels due to fear of recrimination by 
other suppliers. Short-run changes in input demand often are absorbed by 
changes in suppliers' inventories. 
Furthermore, most input supplying firms offer a wide range of nonfarm 
products. A sudden spurt in demand for agricultural inputs may involve 
only a rescheduling of total production. The firm's cost structure may 
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be unaffected. There also Is evidence that the average and marginal cost 
curves of many industrial firms are slowly rising or even constant. Since 
the industry supply curve is the horizontal addition of firm marginal cost 
curves, industry supply would probably be very elastic. 
These considerations indicate that the supply of nonfarm produced 
inputs is highly elastic. This means a shift in the aggregate input demand 
curve would not appreciably affect input price, at least in the short-run. 
Under these circumstances, input prices can be considered as predetermined 
variables. Resource demand quantities may be estimated as a monocausal 
function of prices and other variables. 
The influence of current supplies on the prices of inputs originating 
within agriculture is more complex. For example, it may well be that 
current labor input and wage rates are determined Jointly by supply and 
demand. Similarly, there may be a simultaneous determination of prices and 
input levels for farm produced feed, seed and livestock. 
Interdependence and Causality 
In the Walrasian general equilibrium framework, supply and demand 
functions appear for each factor and product. This system of equations 
determines interdependent!/ the prices and quantities of factors and prod­
ucts. The Walrasian system provides a useful theoretical construct to 
view the workings of an economy. An investigation of selected markets of 
an economy, however, requires modifications of the Walrasian system. The 
usual modification is to use the partial equilibrium approach proposed 
early in tconomic theory by Marshall (86) and others. Price and quantity 
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of a commodity are determined simultaneously from the intersection of 
that commodity's supply and demand curve. Each market is considered in 
relative isolation from the rest of the economy. Price influences of 
closely related commodities may be included but the innumerable supply 
and demand equations of remaining commodititj are ignored. While it may 
be true that "everything depends upon everything else", operational con­
siderations dictate reduction in the sets of interrelationships. 
As we have seen, the instantaneous adjustment assumption of static 
equilibrium theory can also be modified. This modification allows par­
ticipants in the economy to gradually reach a new equilibrium position 
following a change in the economic environment. The distributed lag for­
mulation accounts for the time required for participants to jar themselves 
from their behavioral grooves. As Scitovsky (112) has said, "...partici­
pants need time to learn about a change, to appraise its significance and 
still more time to adapt his behavior to it and face the inconveniences and 
hazards that changing one's behavior involves," If prices and other 
decision variables are continually changing, the participants may contin­
ually try to reach equilibrium without ever attaining it. In the real 
world, disequilibrium rather than equilibrium is the norm. The partial 
adjustment model allows response to new stimuli to follow a time path. 
This approach replaces the unrealistic assumption that participants immedi­
ately jump from one equilibrium point to another when confronted with price 
or other changes. 
Some economists contend that even if participants reacted instanta­
neously to new stimuli, the joint determination of current prices and 
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current quantities in a Walrasian type system does not reflect behavior in 
the real world. They believe the values of economic variables are deter­
mined one by one in a sequence or chain of causal relationships (221; 222). 
This recursive-type model has been used extensively in econometric studies 
of the agricultural sector. The biological ,.ag between the commitment of 
resources and realization of production in agriculture gives credulity to 
the recursive model. Each year producers must decide the level and mix of 
inputs to use in the production of various crops. Commodity and input 
prices are the guides farmers use to determine the optimum mix of resources 
to be applied to the production of the optimum mix of products. But the 
prices they will receive at the time the output reaches the market is 
unknown. Thus, farmers may use last year's product prices as their guides. 
To the extent farmers make commitments on input purchases prior to the 
current production period, previous year rather than current year input 
prices are the relevant guides for resource demand functions. The agricul­
tural production process can be viewed as a unilateral chain of causation. 
The demand for resources is dependent on last year's product and factor 
prices (and prices of several previous years in the case of the partial 
adjustment model). These fixed resource quantities determine production 
via a production function. Current year product price depends on the 
predetermined level of production. Hence, the determination of product 
supply, i.e., resources applied to production, logically precedes the 
determination of current product price and demand. 
The price and quantity variables are no longer jointly determined. 
Of course, they are related but it is a one way relation. For a product 
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the direction of influence is, last year's price determines current year 
supply which determines current year price. 
In developing a simulation model of agricultural structure, resource 
supply conditions are important only as far as they affect resource demand. 
We have seen two situations in which resource demand functions can be 
treated independently of the resource supply functions, A perfectly elas­
tic resource supply implies that a change in the level of aggregate demand 
does not affect the current input price. Current prices can be treated as 
a "predetermined" variable in resource demand functions. 
Alternatively, we may assume producers use previous year input prices 
as a decision variable to plan current year resource use. With this 
assumption the resource demand function is separated from the resource 
supply function even if the supply elasticity is less than infinite. In 
this study we do indeed assume a separation between resource demand and 
resource supply. Only resource demands are estimated. All input prices 
and product prices used to help explain variations in resource demand are 
lagged one year. 
The recursive specification of the model simplifies the mechanics of 
the simulation process. Also, under certain conditions, ordinary least 
squares can be used to estimate the parameter coefficients in a recursive 
model. 
37 
CHAPTER III. SIMULATION METHODOLOGY 
Econometric simulation is a relatively new technique that has been 
widely applied during the last decade. Simulation is a computer assisted 
method of operating or putting in motion a dynamic model of a real economic 
system. The sectors, or components of the model are treated as an inte­
grated whole rather than a collection of separate relationships. The 
simulation technique permits the analysis of a large economic system 
through a series of sets of functional relationships. 
The foundation of a computer simulation model is a set of mathemat­
ical or econometric relationships describing the functioning of the econ­
omy, The simulation technique allows the researcher to investigate the 
influence of different sectors and time lags on the over-all economic 
system. Due to these intersectoral and dynamic properties of simulation, 
recursive econometric models that incorporate lagged variables are partic­
ularly suited for the simulation technique (121). The computer program 
is constructed to solve small subsets of equations sequentially. Infor­
mation generated in a subset may be utilized in succeeding subsets. When 
the last subset is completed, one time period for the economy has been 
described, and the computer returns to the first subset to begin a new 
cycle. In this and remaining cycles, variables may be included that were 
estimated in previous periods. 
Simulation provides the social scientist with a "laboratory". Exper­
iments that would be too costly or completely impossible to perform on 
the real economic system can be conducted on a computer model of the 
system. The model can be used to provide decision makers with information 
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on the probable impact of a policy change on the real system before the 
change is introduced into the system itself. 
Since econometric simulation models are not restricted by imposed 
optimization rules, the simulation technique can make unique contributions 
in analyzing alternative public policies in agriculture. The agricultural 
sector is influenced by a wide range of continuously changing forces, so 
that the agricultural economy can be considered to be in a constant stage 
of disequilibrium. Thus, the nonoptimization feature of simulation renders 
it as a desirable method of analysis. Even if optimization is the ulti­
mate goal of participants in the agricultural sector, uncertainty and 
other considerations influence the path that farmers take in moving toward 
an equilibrium position. 
The "feedback" characteristic of simulation also adds realism to an 
agricultural policy model. A feedback loop exists when a relationship 
takes as data, part of the information generated in previous periods (121). 
Many of the modifications farmers make to past actions are based on 
economic decisions similar to those determining the initial action. 
The ability of simulation to link related subsectors and utilize 
feedback information makes the technique extremely useful in tracing 
primary and secondary effects of alternative public policies. For exam­
ple, the primary effects of increased price supports for corn would 
influence not only variables in the feed grain sector but also acreage 
planted to soybeans and wheat. Secondary impacts might occur as increased 
income enabled feed grain farmers to purchase additional operating and 
durable inputs the following year. Four or five years might be needed for 
the model to work out all the indirect influences. 
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The nonoptlmization and feedback features of simulation allow economic 
models to be formulated without assuming a "IValrasian system in which 
decisions and consequence.^ occur simultaneously and the entire system 
moves toward an equilibrium" (121). The simulation technique can be de­
signed to solve relations in a sequential pattern that follows the actual 
operation of the system; that is, by a series of actions and decisions as 
information is received and acted upon by firms and consumers. 
Computer simulation then, is a positive tool that can provide policy 
makers and administrators with information about the likely consequences 
of alternative policy changes. A number of alternatives can be simulated 
to determine which one gives the most satisfaction, or the largest movement 
toward an over-all goal. 
During the last decade, simulation techniques have been used to study 
a wide range of economic problems. Simulation models of firms, industries, 
subeconomies and economies have been developed. 
iXiesenberry et al. (29) and Holland and Gillespie (71) have developed 
simulation models of national economies, the former of the United States 
and the latter of India. Simulation models of farm firms have been con­
structed by Halter and Dean (51) and Zusman and Amiad (227). Other firm 
models are reported by Cyert and March (27), Bonini (8) and Eisgruber 
(34). Naylor (95) reviews additional models that have been constructed to 
simulate the behavior of nonagricultural firms and industries. 
Crom (23) has constructed a simulation model of the livestock meat 
economy. He used the model to appraise the effects of alternative margin 
levels, foreign trade policies and price stabilization policies on the 
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livestock industry. Craddock (21) presented a similar model. He investi­
gated the influence of the level of corn prices on the livestock economy. 
Shechter (115) attempts to analyze alternative government farm policies 
with a simulation model which integrates micro or firm behavior and macro 
or aggregate behavior in agriculture. Simulation models of the United 
States agricultural economy have been developed by Lin (81) and by Tyner 
(132). Both studies use simulation techniques to investigate the impact 
of alternative government policies on aggregate resource allocation and 
aggregate output and income in the agricultural sector. 
The model developed in this study attempts to extend the works of 
Lin and Tyner and draws upon earlier econometric studies of Heady and 
Tweeten (65), Helmers (67), Minden (92) and Scott (113). 
Overview of the Simulation Model Used in This Study 
In this study, the agricultural economy is disaggregated into com­
modity groups for which submodels are established. The commodity groups, 
in their order of appearance in the model are livestock, feed grains, 
wheat, soybeans, cotton and tobacco. The commodity submodels contain 
relations that relate, in a causal sequence, resource demand and commodity 
production, price, utilization and Income. The lag between committing 
resources and the realization of output in agriculture permits a recursive 
formulation. A model is recursive if its member equations can logically 
be arranged so each dependent variable is a function of exogenous varia­
bles and variables that have been treated as dependent earlier in the 
model. 
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In very broad general terms, the commodity submodels are structured 
as follows: 1} resource demands in the current time period depend directly 
or indirectly on the price of the commodity last year, past year resource 
prices and other variables, 2} current year production depends on the 
current quantity of resources demanded, 3} supply in the current year 
depends on current production, carry-over and imports, 4) average current 
year commodity price depends on the discrepancy between current supply and 
last year's utilization, and other variables, 5) current year commodity 
demands depend on current price and other variables, and 6} commodity gross 
income in the current year depends on the current price and current year 
production, and where applicable, government payments. 
The linkages between commodity submodels are also set up recursively. 
Thus, information generated in the livestock submodel may be used to help 
generate information in the remaining submodels. Current year feed grain 
dependent variables are not eligible to help explain livestock variables 
but may be utilized in the wheat, soybean and following sectors. 
Agricultural output is a function of the level and productivity of 
resources used in agriculture. Output, price, income and resource returns 
are tied directly or indirectly to resource commitments. Hence, an under­
standing of the impacts of alternative government and other exogenous 
variable changes on commodity resource demands is fundamental. The sub­
model organization permits the explicit inclusion of appropriate govern­
ment policy variables for individual commodities. The effect of a postu­
lated change in a policy variable can be traced through the entire set of 
equations of the relevant commodity. Current year changes in commodity 
price and gross income resulting from a changed policy variable, further 
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influence resource demands in succeeding years. This "second-round" 
influence results because commodity price and gross income estimates gener­
ated in the current year are instrumental in determining commodity resource 
demand levels in the following year. Also, if a policy variable which 
directly concerns one commodity, influences other commodities, we can 
observe changes in the factor demands for those commodities. The model is 
designed to trace the time path of the impact of changes in exogenous 
influences on resource use, output, price, demand and income of a specific 
commodity, related commodities and total agriculture. 
The organization and equation specifications of the commodity sub­
models closely follow that of the aggregate model of United States agricul­
ture published by Tyner and Tweeten (136). The general organization of 
the recursive submodels is described briefly here to set the stage for the 
presentation of the final estimated equations in later chapters. 
The equations in each commodity submodel are categorized into three 
subsets. The first subset of equations contains relations to explain the 
level or value of resource stocks allocated to commodity production. In­
cluded are equations to estimate acreage (in the crop submodels), ending 
calendar year stocks of machinery, ending calendar year commodity stocks 
on farms, the value of land used for producing the commodity and the total 
value of physical assets applied to commodity production. Other equations 
are included in this subset to aid in generating the stock estimates. A 
price of land equation provides estimates used in the value of land rela­
tion. An estimate of machinery purchases is utilized in the machinery 
stock equation. In the livestock submodel, a livestock purchases equation 
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aids in the calculation of ending year stock of livestock. Following the 
terminology of Tyner and Tweeten this subset of equations within each of 
the commodity submodels is called the pre-input section. 
The second subset of equations within each of the commodity submodels 
is called the input section. This section 1.deludes relations for mono-
period operating inputs and for the flow of services from durable or poly-
period resources. Fertilizer and lime, seed, fuel, oil and repairs expense, 
miscellaneous expense and labor are in the current input category. The 
latter category of inputs includes real estate expense, machinery expense, 
real estate taxes, and interest on commodity stocks. In the livestock 
submodel an equation for purchased feed is added, dropping, of course, the 
relations for seed and fertilizer and lime. Acreage and stock estimates 
from the pre-input section are used as explanatory data in the input 
section. The seed functions use the current year estimate of acreage as 
do the fuel, oil and repairs equations for some commodities. The average 
stock of machinery estimates are used to explain variation in the levels 
of machinery expense, fuel, oil and repairs expense and man-hours of labor 
used. Real estate expense and real estate taxes are related to the value 
of land and buildings. The average commodity stock data are channeled 
into the interest on stock equation. The stock of physical assets estimate 
is utilized to help explain changes in fertilizer and miscellaneous 
expenses. 
The final group of equations in each submodel has been dubbed the 
output section. The first relation in the output sections of the crop 
submodels is a Cobb-Douglas production function estimated from factor 
share data. Continuing the recursive structure, the current year input 
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demand estimates from the input section of a crop submodel are fed into 
that crop's production function, and an estimate of production results. 
The production estimate plus imports and inventories make up a commodity 
supply identity. The commodity relation uses, as an explanatory variable, 
the difference between current year supply and last year's commercial 
demand. The current year estimates for commercial demand, government and 
commercial inventories and exports are dependent on current year commodity 
price and other variables. The final equation in each commodity submodel 
generates an estimate of commodity gross income as a function of output, 
price and, where appropriate, government payments. The output section of 
the livestock submodel deviates somewhat from those of the crop submodels. 
A relation for livestock production units replaces the crop production 
functions. A livestock marketings equation uses as data the estimate of 
livestock production units. Livestock price is specified as a function of 
marketings and per capita disposable income. 
The set of computer programs written to simulate the agricultural 
economy in this study includes the following* l) the equivalent of econo­
metric equations rewritten in FORTRAN computer language, 2) instructions 
to read in initial data and data not generated within the system, 3) a 
facility to store generated data for later use, 4) a loop which instructs 
the computer to make the desired number of passes through the set of equa­
tions, and 5) instructions to print out the data generated in the system. 
The simulation process begins by reading into the computer the 
initial values of all explanatory variables not generated within the 
system. The computer program begins a pass through the econometric equa­
tions sequentially. The first equation of the livestock submodel is 
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solved first using the data that was "read in" and the equation parameter 
estimates. The generated value is stored and the second equation in the 
livestock submodel is processed. The generated variable estimates are 
eligible for use in succeeding equations. (For example, the first live­
stock equation estimates the value of livestock purchases in millions of 
1947-49 dollars. This estimate is used in the second livestock equation 
to help explain ending year stocks of livestock.) The remaining relations 
in the livestock pre-input section are solved and the results stored one 
after the other. The livestock input equations are treated next followed 
by the processing of the output section of the livestock submodel. In 
turn, the computer generates estimates for equations in the pre-input, 
input and output sections for feed grains, wheat, soybeans, cotton and 
tobacco. Finally, the United States estimates are built up from the 
respective commodity estimates. For example, total United States 
fertilizer demand is the sum of the fertilizer demand estimates for 
feed grains, wheat, soybeans, cotton, tobacco and actual data on ferti­
lizer used by all other crops. When the last United States estimate is 
calculated, one time period for the agricultural economy has been de­
scribed, and the computer returns to the livestock pre-input equations and 
starts the second period of analysis. 
To begin the simulation technique for the first period, we said 
starting values of all explanatory variables not generated within the 
system must be "read in". Explanatory variables include variables which 
influence the agricultural sector, but whose values are determined out­
side the sector. These variables are called exogenous. A second type of 
46 
explanatory variables used in the model includes variables whose values 
are determined within the system, but in a previous time period. These 
variables are called time-lagged dependent variables. In the second and 
succeeding periods of simulation analysis the values for lagged dependent 
variables are not read in as given data. Rather, the stored dependent 
variable estimates that were generated by the simulator in the previous 
time period are retrieved and utilized appropriately. 
The computer makes as many cycles or "passes" through the model 
equations as desired. We applied the model for the years 1932-67, or for 
36 years. Finally, the computer is instructed to print out on paper the 
calculated values of the dependent variables for each year. 
To complete this overview of the simulation model, we present a 
diagram of the economic structure of the feed grain, wheat, soybean, cotton 
and tobacco economies as hypothesised in this study. 
The logic behind the specifications of the behavioral equations will 
be explained in later chapters. The coded names appearing in the diagram 
given in Figure 1 will be used throughout the rest of the analysis. These 
same names are used in the conf>uter simulation program. The variable names 
are composed of two parts. The first letter or letters identifies the 
commodity or aggregate under consideration. The rest of the name codes 
identify the specific variable that is measured. A listing of all endog­
enous and exogenous variable names and their definitions is presented i n  
Table 10. In Figure 1, dependent variables are depicted by rectangles 
while exogenous variables are represented by ovals. Causal ordering is 
indicated by the direction of the arrows. Lagged values of variables are 
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outside the large circle (heavy line). Current period values are inside 
the circle. The broken-line circles within the large circle, partition 
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Figure 1, A scheiutic diagram of the simulation model 
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(i « FG, W, S, C, 
T, 0, US)* 
L-LPUR 
i-STK 
(i - L, FG, W, S, C, 
T, 0, US) 
i-STKAVE 
(i - L, FG, W, S, C, 
T, 0, US) 
i-MPUR 
(1 « L, FG, W, S, C, 
T, 0, US) 
i-MSTK 
(i - L, FG, W, S, C, 
T, 0, US) 
i-MSTKAVE 
(i - L, FG, W, S, C, 
T, 0, US) 
i-PRLA 
(i - FG, W, S, C, T) 
i-VALA 
(i « L, FG, W, S, C, 




























Livestock purchased by farmers 
Ending calendar year commodity 
stock on farms 
Average of beginning and ending 
calendar year commodity stock 
on farms 
Machinery purchases 
Ending calendar year stock of 
machinery on farms 
Average of ending and beginning 
calendar year machinery stock on 
farms 
Index of price of land and 
buildings per acre 
Value of farmland and buildings 
Prescripts on variable code names refer to commodity categories: 
livestock (L), feed grains (FG), wheat (W), soybeans (S), cotton (C), 
tobacco (T), other crops (O) and all commodities (US). 
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(i - L, FG, W, S, C, 1947-49 
T, 0, US) dollars 
i-FERT million 
(i » FG, W, S, C, 1947-49 
T, 0, US) dollars 
i-SEED million 
(i » FG, W, S, C, 1947-49 





(i • L, FG, W, S, C, man-hours 
T, 0, US) 
i-MACH million 
(i = L, FG, W, S, G, 1947-49 
T, 0, US) dollars 
i-RE million 
(i » L, FG, W, S, C, 1947-49 
T, 0, US) dollars 
i-FOR million 
(i • L, FG, W, S, C, 1947-49 
T, 0, US) dollars 
i-MISC million 
(i - L, FG, W, S, C, 1947-49 
T, 0, US) dollars 
Stock of physical assets defined 
for the i-th crop or aggregate as 
the sum of i-STKAVE, i-MSTKAVE and 
i-VALA 
Fertilizer and lime expense 
Seed expense including purchased 
and home grown seed except for the 
United States which includes only 
purchased seed 
Livestock feed expense including 
purchases of feed grains and 
protein from nonfarm sources 
Man-hour requirements 
Machinery expense defined as 
interest and depreciation on 
machinery stock 
Real estate expense defined as 
the sum of interest charges on 
land and farm buildings and 
depreciation, repairs and main­
tenance on farm buildings 
Machinery fuel, oil and repairs 
expense 
Miscellaneous expenses including 
pesticides, small hand tools, 
binding materials, electricity, 
telephone, etc. 
51 






(i » L, FG, W, S, C, 
T, 0, US) 
i-RETX 
(i « L, FG, W, S, C, 
T, 0, US) 
i-PROD 




(i « FG, W, S, C, T) 
i-PR 
(i » L, FG, W, S, G, 
T) 
i-CD 





















Interest on farmer held commodity 
inventories 
Real estate taxes 
Crop production with following 
units of measure: FG, million 
tons; W and S, million bushels; 
C million bales; and T, million 
pounds 
Livestock production units fed 
(based on concentrates) during 
feeding year October to September 
Index of livestock marketings 
Beginning crop year supplies 
defined as the sum of production, 
carry-in stocks and imports. The 
crop year for feed grains, soybeans 
and tobacco begins October 1, 
wheat's crop year starts July 1, 
and cotton's crop year begins 
August 1 
Average crop year price received 
by farmers deflated by the implicit 
GNP deflator. The unit of measures 
are* L, index 1947-49 • 100; FG, 
dollars per ton; W and S, dollars 
per bushel; C and T, dollars per 
pound 
Total domestic crop year demand 
for all uses, except wheat in 
which only nonfood demand is 
included 








(i » FG, W, C) 
i-CINV 
(i » FG, W, S, C, T) 
i-EXP 
(i - FG, W, S, C, T) 
i-GINC 
(i » L, FG, W, S, C, 















Crop year demand for wheat as food 
Government ending crop year 
inventory 
Commercial ending crop year 
inventory 
Crop year exports 
Cash receipts and government 




(i » L, FG, W, S, C, 
T) 
i-SPPR 
(i - CN (corn), W, S, 
C, T) 
i-GPYT 








Tax rate per dollar value of land 
and buildings 
Average support price levels with 
average support level of Upland 
cotton used for cotton and average 
Burley support rates for tobacco 
Government payments deflated by 
the implicit GNP deflator 
i-ACATDUMY 
(i " W, C, T) 
Acreage allotment dummy with 1.0's 
in years in which allotments were 
in effect and 0.0's elsewhere 
FG-ACDIV million Acreage diverted from production 
acres under the Federal Feed Grain 
Program 
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Index of seed prices deflated by 
the implicit GNP deflator 
i-FMSZ 
(i - FG, W, T) 
i-EQTY 
(i - FG, W, C) 
i-IMP 





















Index of acres per farm 
Equity ratio defined as the value 
of real estate divided by mortgage 
debt on that real estate 
Crop year imports 
Index of the price of machinery 
deflated by the implicit GNP 
deflator 
Index of the price of fertilizer 
deflated by the implicit GNP 
deflator 
index Index of the price of motor 
1947-49 supplies deflated by the implicit 
« 100 GNP deflator 
index Index of the price of farm supplies 
1947-49 deflated by the implicit GNP 
• 100 deflator 
1947-49 Per capita disposable income 
dollars deflated by the implicit GNP 
deflator 
index Index of the price of broadwoven 
1947-49 cloth deflated by the implicit 
• 100 GNP deflator 
Trend variables with 1.0 for 1930, 
2.0 for 1931,...,38.0 for 1967 
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Table 10. (Continued) 
Variable Unit of 
code name measure Definition 
Square of the TIME variable 
Square root of the TIME variable 
Dummy variable for World War II 
with 1.0's for the years 1942-47 
and 0.0's elsewhere 
POSTWARDUMY — Dummy variable with 1,0's for 






Calendar year production of 
tobacco in all countries excluding 
the United States 
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CHAPTER IV. ECONOMETRIC CONSIDERATIONS 
Econometrics may be defined as the discipline which attempts to 
quantify the interaction among economic variables with the aid of statis­
tical methods. The econometrician confronts mathematical economics with 
observed data and uses statistical inference methods to attach numerical 
values to the economic relationships. The statistical methods used to 
derive the numerical values depend basically on the underlying causes and 
effects in the economy under study. The model used in this study is re­
cursive. That is, the dependent variable in each equation is determined 
by predetermined variables and variables which were dependent earlier in 
the system. 
The selection of an appropriate estimation procedure to estimate the 
parameters of a recursive model depends on the assumptions made about the 
error terms of the structural equations. We begin with a general repre­
sentation of a system of equations and the assumptions associated with a 
simultaneous model. 
Following Goldberger (46, p. 294 ff), we consider a system of linear 
relationships which embodies economic theory and preconceived notions about 
the behavior of the agricultural sector. Each relationship depicts some 
aspect of this behavior. The variables of the system fall into two 
classes; 1) endogenous variables, the values of which are accounted for 
by the theory and 2) exogenous variables, the values of which are generated 
outside the system so that the theory has no influence over them. Another 
distinction is between jointly dependent variables and predetermined 
variables. The Jointly dependent variables are endogenous variables^  the 
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predetermined variables are the exogenous variables and time lagged 
endogenous variables. 
Structural Form 
A structural form is a general expression of the relationships among 
variables in an economic model. In its most general state, a simultaneous 
model has the structural form 
y'(t)r + x'(t)p + u'(t) = 0' (t = 1,...,T) (4.1) 
where 
y'(t) = [yj(t),...,yg(t)] 
is the 1 X G row vector of the t-th observations on the jointly dependent 
variables; 
x'(t) = CXj(t),...,Xj^ (t)] 
is the 1 X K row vector of the t-th observations on the predetermined 
variables: 
U' ( t )  =  [U j^ ( t ) , . . . ,Uç . ( t ) ]  
is the 1 X G row vector of the t-th unobserved values of the disturbances; 
O' is a 1 X G row vector of zeros; 
and 
bii ... bjQ 
bj^ l ... b^ g 
is the K X G matrix of coefficients associated with the predetermined 
variables. 
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The G X G matrix F contains coefficients associated with the Jointly 
dependent variables. The organization and element values of the F matrix 
distinguish a general simultaneous system from a recursive system. By 
definition a system of linear equations is recursive if F is a lower tri­
angular matrix, i.e. has only zeros above the diagonal. The general 
representation of F in a recursive system is 
Nonzero elements appear above the diagonal in a simultaneous system. In 
the discussion that follows on reduced form, identification and simultane­
ous estimation procedures, the F matrix is not constrained to be triangular. 
Each equation in the structural form represents the behavior of some 
aspect of the agricultural economy. The equation specifications are de­
rived from economic theory and prior knowledge about the workings of the 
agricultural sector. The interaction of the endogenous variables is re­
flected in the set of structural equations. 
Reduced-Form 
The structural form relates the t-th values of the jointly dependent 
variables in terms of the t-th value of the predetermined variables and 
the disturbances. This relation between the dependent variables and the 
predetermined variables and disturbances is made explicit in the reduced-
form. The reduced-form is simply the solution of the structural equations 
for the dependent variables. To obtain a unique solution, the coefficient 




matrix of the endogenous variables, f in (4.1), must be invertible. 
reduced-form is obtained by postmultiplying (4.1) by 
y'(t) = x'(t) ( -pr-i) + u'(t) ( -r-1) 





n » -pr -1 
11 
"ki \G 
is the K X G matrix of reduced-form coefficients, each column of which 
refers to a single equation; and 
v'(t) = -u'(t)r-l = [vj(t),...,vg(t)] 
is the 1 X G row vector of the t-th values of the reduced-form disturb­
ances. 
In contrast to the structural form, each of the equations in the 
reduced-form contains only one dependent variable. 
We see in (4.2) that the reduced-form coefficients are in general a 
function of the structural coefficients in V and one row of 3. Also, the 
reduced-form disturbances are linear combinations of all the structural 
disturbances in the same time period. 
Identification 
We said to obtain a unique solution for each dependent variable in 
terms of the predetermined variables and the disturbances, we require only 
that r, the matrix of coefficients associated with the jointly dependent 
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variables, is invertible. The requirements or restrictions needed to 
ensure that T and 3 are uniquely determined in the structural form are 
more involved. The general problem of determining and making the number of 
restrictions that are necessary to obtain unambiguous estimates of T and g 
is called the identification problem. The identification problem is quite 
separate from the statistical problem of obtaining reasonably good param­
eter estimates. Identification logically precedes estimation. Suppose 
we know how the dependent variables are related to the predetermined varia­
bles, i.e., we assume to know the conditional distribution of the endoge­
nous variables for all possible values of the predetermined variables. If 
this knowledge alone enables us to derive uniquely the value of a parameter 
in the structural form, that parameter is identified. If a parameter value 
can not be deduced uniquely, it is not identified. The relationship is 
said to be identified if all the parameters in that relationship are iden­
tified. Similarly, the system of relationships is said to be identified if 
all the parameters in the system are identified. 
Reduced-form and identification 
We have assumed that we know the conditional distribution of the 
dependent variables for all possible values of the predetermined variables. 
This simply means we have the correct numbers for the matrix of reduced-
form coefficients n and for the variance-covariance matrix of the reduced-
form disturbances given by 
Ev(t)v'(t) » E(-r'-i)u(t)u'(t) ( -r-1) - r'-izr-i « *. 
We have said a parameter in the structural form is Identified if its value 
can be deduced uniquely from the knowledge of the reduced-form. This 
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unique correspondence between the reduced-form coefficients and structural 
coefficients for the entire system would require that 
-pr -1 n. (4.3) 
But this is not generally possible because for a known H there are too 
many unknowns in T and P, The matrices T and p contain (G x G) plus 
(K X G) elements while H has only K x G elements. Consider the system 













Denoting the ij-th elements of F"! by yij, we can write the equivalent of 
(4.3) for this system as 
y l l  y l 2  
y21 Y22 
















- "22^^^ "21 
- "21^^^ " ^22^^^ 
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We have six known TT^ j and a system of equations in ten unknowns. Thus, in 
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general, the unique association between the elements of H (which are assumed 
known) and the unknown elements of F and 3 in (4.3) is not possible. This 
difficulty can be avoided if, when specifying the system, certain a priori 
restrictions are placed on the matrices p, F, and Z. It may be that sets 
of two structural coefficients within a relation are known to be equal or 
known to have a certain ratio. It may be that a coefficient in one equa­
tion is known to equal a coefficient in another equation (46), 
The most common type of a priori restrictions is that certain elements 
of P and F are zero. Thus, certain variables are assumed to be absent in 
certain relations, i.e., certain structural coefficients are zero. 
Rank and order conditions of Identification 
Rank and order conditions of identification can be applied when we 
desire to identify the parameters of a relation by making coefficient 
restrictions. We begin by considering any equation in a system such as 
(4.1). In this system there are G endogenous variables and K exogenous 
variables. We count the number of endogenous variables included in the 
equation of Interest and call that number G^ . Similarly we count the 
number of predetermined variables and call that number 1^ . We let 
and be the numbers of endogenous and predetermined variables, respec­
tively, excluded from the equation of interest, so that we have 
G* + (%* = G 
and 
K* + K** = K. 
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This division of variables allows us to write any equation in the system as 
y'(t)*r* + y'(t)**r** + x'(t)*6* + + u'(t) - o 
or, equivalently 
[y'(t)*y'(t)*_] + [x'(t)*x'(t)*tj 
8* 
3** 
+ u'(t) • 0. (4.5) 
The vectors of endogenous and predetermined variables follow the convention 
that y(t)* are the t-th observations of the endogenous variables in­
cluded in the equation and that y(t)** are the t-th observations of the 
excluded endogenous variables. Similarly, the t-th observations of the 
predetermined variables included in the equation are represented by x(t)* 
and the observations of the excluded predetermined variables are 
denoted by x(t)** (73), The coefficient vectors follow the same convention. 
Correspondingly, we can rearrange and partition the reduced-form 
coefficient matrix so that y'(t) « x'(t)n + v'(t) may be written as 
[y'(t)*y'(t)**] = [x'(t)*x'(t)**] 
**• 
n, n, 
* J** + v'(t) 
where, in the partitioned II matrix, the first subscript refers to the pre­
determined variables and the second to the dependent variables. Therefore, 
is 
'V* * that the matrix of reduced-form coefficients is K by G. 
From (4.3) we know the parameters of the equation of interest are identi­
fied if -p » nr which we can rewrite as 








' 0' (4.8) 
Where Equation (4.7) is a system of equations in unknowns (for now, 
we assume that 8^  is known) and (4,8) is a system of homogeneous 
equations in unknowns. Since the latter system contains homogeneous 
equations, it will have a nontrivial solution if the rank of the coeffi­
cient matrix  ^is less than G^ . The system will have an unique solu­
tion up to a factor of proportionality if 
Assuming a normalization rule for the matrix and that the rank of 
the values of in (4.8) can be determined uniquely. This 
result, in turn, permits a unique determination of 3^  in (4.7), since, we 
note again,  ^is known. Thus, a necessary and sufficient condition for 
the parameters of a structural equation to be identified is that rank 
(l^  *) ® (^ -1. If the rank is different from G^ -1, the parameters are not 
identified and, therefore, the equation is not identified. This is called 
the rank condition of identifiability. 
Since n is unknown in practice, the rank condition can not be applied, 
but an offshoot of this criteria called the order condition is operational. 
We have said that identification requires 
rank (llj^  *) — -^1 « 
V/e know 11^  ^  has columns but, since the normalization rule is being 
applied, we have only G^ -1 independent columns and hence 11^  ^  has rank 
rank (%*  ^ (4.9) 
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G^ -1, We also know that the number of rows of  ^is the number of 
predetermined variables excluded from the equation of interest. The rank 
can not exceed the number of rows, or predetermined variables; thus 
rank 11^  ^  < K^ . (4.10) 
Combining these last two equations, we see that identification requires 
K*. > G*-l. 
A necessary condition for an equation to be identified is that the number 
of predetermined variables excluded from the equation (but in the system) 
must be at least as large as one less than the number of dependent varia­
bles included in the equation. We should note that this is only a neces­
sary, not a sufficient condition. This order condition is satisfied in all 
the econometric relations used in this study. Since our model is recur­
sive, i.e., r is triangular, the identification problem disappears if we 
are willing to assume that the structural variance-covariance matrix, Z, is 
diagonal. The structural equations presented in later chapters are esti­
mated under the diagonal variance-covariance assumption, but they are also 
estimated with no restrictions on the variance-covariance matrix. Thus, 
the order condition identification criteria was applied to each equation 
in the model. 
Estimation Procedures 
A number of estimation procedures is available to estimate the param­
eter values in a system of equations. They can be separated into two 
classes; l) single-equation methods and 2) system methods. In the first 
group of methods each equation is estimated one at a time. The system 
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methods estimate all the structural equations in one process. The single-
equation methods include ordinary least squares, autoregressive least 
squares, indirect least squares, two-stage least squares, limited-infor­
mation single-equation method, and other k-class estimators. The system 
estimation methods include full-information maximum-likelihood, three-
stage least squares, and linearized maximum-likelihood. Most of these 
estimation techniques are explained in detail in Johnston (77), Goldberger 
(46) and Christ (ll). 
Five estimation procedures are used in this study. Each corresponds 
to a different set of assumptions about the disturbances of the structural 
equations. Ordinary least squares and two-stage least squares are used 
plus three modifications of these techniques which allow autocorrelated 
errors. 
The General Stochastic Hypotheses 
We begin our discussion on estimation procedures by writing down the 
assumptions econometricians usually make to estimate identified parameters 
of a simultaneous model. 
Again following Goldberger (46, p. 299 ff.), we assume that the 
structural disturbances are generated by a stationary multivariate sto­
chastic process with: 
Eu(t) - 0 (t-l,...,T) (4.11) 
that is, each disturbance vector has a zero expectation, or Eu^ (t) " 0 for 
all g and t; 
Eu(t)u'(t) » r (4.12) 
66. 
where T is a non-negative definite matrix with G rows and G columns. 
Thus, we assume the variance-covariance of the structural equations is the 
same for all t, or Eu (t)u ,(t) = a , for all t. Note that in this gen-
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eral case T is not assumed to be diagonal; 
Eu(t)u'(t') « 0 (t, t' = i T; t ^  t') (4,13) 
that is, the lagged disturbances in the same equation and in different 
equations are mutually uncorrelated, or Eu (t)u ,(t') = 0 for all g, g', 
t, t' with t / t'. These assumptions imply that the sample variance-co-
variance matrix of the structural disturbances has, as its probability 
limit, the corresponding population matrix 
T 
E u(t)u'(t) 
plim Z. (4.14) 
We also assume that the vectors of predetermined variables are generated by 
a stationary multivariate stochastic process with nonsingular covariance 
matrix assume tends to a regular matrix in the probability 
limit, so that 
r x(t)x'(t) 
t"l 
plim » Zxx' (4.15) 
We further assume that the predetermined variables are uncorrelated with 
the structural disturbances so that Ex(t)u'(t) = 0, In other words, we 
assume the process that generated the predetermined variables in any obser­
vation period is uncorrelated with the process that generated the disturb­
ances in that same observation period. 
The estimation procedures used in this study are based on the above 
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general stochastic hypotheses. The two-stage least squares technique uses 
the stochastic hypotheses as presented while modifications of the general 
hypotheses are made to justify the remaining estimation procedures. In 
the following sections each estimation procedure is outlined along with 
any modifications of the stochastic assumpticis. 
Least Squares 
In general, ordinary least squares estimation of parameters of an 
equation in a system gives inconsistent estimates. That is, the estimates 
are biased even as the sample size becomes infinitely large. However, in 
a recursive model such as ours, consistent estimates are obtained if we 
assume that the contemporaneous disturbances of the separate equations are 
uncorrelated. Thus, to use least squares to estimate the relations in our 
model we need to modify assumption (4,12) leaving all other assumptions 
virtually unchanged. We now assume Z, the variance-covariance matrix of 
the structural disturbances, is a diagonal matrix. This assumption is 
equivalent to assuming that all explanatory variables in the g-th relation 
(including variables which were endogenous in previous relations) are 
uncorrelated with the g-th disturbance. We keep the remaining assumptions 
with assumption (4,15) reducing to the condition that there is no linear 
dependence among the explanatory variables in each relation. The proof 
that consistent and efficient parameter estimates may be obtained by ordi­
nary least squares applied to each structural equation individually is 
given in Johnston (77), Goldberger (46) and others. 
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Consider again the general structural form 
y'(t)r + x'(t)p + u'(t) » O' (t « 
We normalize the system by setting the coefficient of the g-th endogenous 
variable in the g-th equation equal to -1. To facilitate explaining the 
least squares procedure we revise notation somewhat. Since the right hand 
dependent variables are treated as if they were exogenous in a diagonal 
recursive model, we can write the g-th equation of the model as 
"9 - + "g 
where 
Yg is a T X 1 vector of observations on the g-th endogenous variable; 
Zg is T X (C^ -l + K*) matrix of observations on the included dependent 
variables other than the g-th, and the included predetermined varia­
bles; 
Pg is a (C^ -1 + K%) X 1 vector of coefficients associated with the 
included right-hand dependent variables and the included predeter­
mined variables; and 
UL is a T X 1 vector of disturbances, 
9 
The method of least squares selects coefficient estimates that mini­
mize the sum of squared deviations of the dependent variable from a linear 
combination of the explanatory variables. Dropping the g subscript, the 
least squares technique derives the set of coefficients, b, that minimizes 
Q • (Y - 2b)'(Y - Zb) « Y'Y - Y'Zb - b'Z'Y + b'Z'Zb 
» Y'Y - Zb'Z'Y + b'Z'Zb. 
To minimize this quantity we differentiate it with respect to b 
|2 « -2Z'Y + 22'Zb 
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and set this result equal to 0 to give 
Z'Zb - Z'Y. 
The least squares estimator for P becomes 
b » (Z'Z)-IZ'Y. 
The estimate of the over-all variance of the regression, o^ , is given by 
» (Y . Zb)'(Y - Zb)/[T - (q^ -1 + K*)]. 
The variance-covariance matrix of the estimated coefficients is given by 
var b = a^ (Z'Z)'^  
and estimated as 
est. var b » S^ (Z'Z)"^ . 
Autoregressive Least Squares 
We have assumed in the general stochastic hypotheses (4,13) that the 
equation disturbances are uncorrelated. However, when using time series 
data, it often happens that there is a stochastic dependence among succes­
sive errors. This correlation of successive errors, or autocorrelation, 
can arise because: 1) a faulty functional form is assumed for the model, 
2) important variables are omitted from the model, either unintentionally 
because of ignorance, or, intentionally because of lack of data or other 
reasons, and 3) highly correlated errors of observation are present in the 
data. 
The presence of autocorrelated errors 
Assuming that the explanatory variables are independent of the error 
terms and all other assumptions of the least squares procedure are met, 
unbiased coefficient estimates are obtained using least squares even in 
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the presence of autocorrelated errors (77), However, the precision or 
efficiency of the coefficient estimates is lower. In fact, the efficiency 
of the estimates may be so low in the presence of substantial autocorrela­
tion as to yield unreliable analytical results. The usual formulas to 
calculate the sampling variance-covariance are no longer valid and the 
coefficient significance tests are biased. Thus, the econometrician may 
conclude that a significant coefficient is insignificant and vice versa. 
If the lagged dependent variables are used as explanatory variables 
the situation is worse. Least squares estimates are not only inefficient 
but also biased (44), If the disturbances are independent, estimates for 
the Nerlove-Koyck (e.i,, distributed lag) models lose their bias as the 
sample size becomes large, that is, they are consistent. However, if the 
disturbances are autocorrelated, the bias may be substantial even in large 
samples. In effect, the coefficient of the lagged dependent variable 
absorbs part of the autocorrelation in the disturbances (44), Biased 
coefficient estimates result. Furthermore, the standard tests for auto­
correlation, based on the estimated residuals or disturbances, are no 
longer valid (30). Thus, when estimating a relation that contains a 
lagged dependent variable as an explanatory variable, it is well to pro­
ceed as if autocorrelation was present. 
Several tests have been derived to test the presence of autocorrela­
tion in the disturbances. All of the tests assume that the explanatory 
variables are fixed. In other words, they are designed to test for auto­
correlation of disturbances when the regressors are determined outside the 
system. The most widely used test for autocorrelation in least squares 
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residuals is the Durbin-Watson d statistic. The formula for this test is 
T 2 




where Ug(t) is the t-th calculated residual in the g-th relation. 
Ourbin and Watson (30) have tabulated upper and lower bounds, d^  and 
dy, for various combinations of numbers of explanatory variables and 
sample size. If d < d^ , we reject the hypothesis that the disturbances 
are random and accept the hypothesis of positive autocorrelation. If 
d > dy we do not reject the hypothesis of random disturbances. If 
< d < dy the test is inconclusive. A test for negative autocorrelation 
is obtained by replacing d in above inequalities with 4 - d. The d sta­
tistic is used extensively in this study. It is well to keep in mind the 
shortcomings of the test. First, the d statistic test is not appropriate 
when the regression contains variables that are not truely exogenous. 
This does not mean that the statistic is without value when a relation 
contains lagged dependent variables; but at least it must be considered 
an approximation and interpreted accordingly. A second shortcoming is 
that the calculated d statistic often falls in the inconculsive range, 
i.e., between the tabled values d^  ^ and dy. 
Estimates of autocorrelation 
Intuitively, the best approach to test for the presence of autocor-
related errors would be to obtain a consistent estimate of the dependence 
between successive error terms, or the autocorrelation coefficient, and 
72 
subject It to a significance test. Hildreth and Lu (70) and Fuller and 
Martin (44) have devised techniques to obtain maximum-likelihood estimates 
of the regression coefficients and the first-order autocorrelation coeffi­
cient. The Fuller and Martin procedure calculates the standard error of 
the autoregressive coefficient to test its significance. If the coeffi­
cient is not significantly different from zero the hypothesis of no auto­
correlation of disturbances is accepted. The Hildreth and Lu procedure 
allows the first-order autocorrelation coefficient to assume successive 
values in the range -1 to 1. The autocorrelation coefficient estimate that 
minimizes the residual sum of squares is kept along with corresponding 
regression coefficients. 
The Fuller and Martin method is also an iterative procedure. However, 
their algorithm calculates estimates of the autocorrelation coefficient and 
regression parameters simultaneously. The procedure is a special case of 
modified Gauss-Newton nonlinear least squares as described by Hartley (57). 
The generality of the Gauss-Newton routine renders the Fuller and Martin 
procedure capable of obtaining consistent estimates for distributed lag 
models with or without autocorrelated errors. The Fuller and Martin method, 
which has been termed autoregressive least squares (ALS), was used in this 
study. 
In the preceding section, the use of least squares to estimate the 
relations of the recursive model is justified by assuming the structural 
disturbance variance-covariance is diagonal. All other assumptions of the 
general stochastic hypothesis were basically unaltered. But, as stated 
earlier, the least squares estimates are at best inefficient and in some 
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cases biased if the equation disturbances are correlated. The autoregres-
sive least squares procedure permits the assumption that the Ug(t) are 
nonautocorrelated to be relaxed. In particular, assumption (4.13) is 
replaced with the assumption that the within-equation disturbances follow 
a first-order autoregressive scheme. Thus, dropping the g subscript, it 
is assumed that 
u(t) » pu(t-l) + c(t) (4.16) 
where the c(t), t • 1,...,T, are nonautocorrelated, have constant variance 
and are uncorrelated with the explanatory variables. 
Autoregressive least squares is an iterative procedure which begins 
with an initial set of parameter estimates and proceeds to improve on these 
estimates. Usually the least squares estimates serve as initial values for 
the regression coefficients and the initial value of p is computed from d 
as 
est. p • (2 - d)/2. 
To illustrate the autoregressive least squares procedure we assume 
a Nerlove distributed lag model of the form 
y*(t) " $0 + a^ x^ (t) + agXgft) (4.17) 
and 
y(t) - y(t-l) • X(^ (t) - y(t-l)) (4.18) 
where y*(t) is the equilibrium level of, say, fertilizer demand at time t 
for a given, say, fertilizer price, x^ it), and product price Xgtt), and \ 
is the coefficient of adjustment. Substituting (4.17) into (4.18), solving 
for y(t) and adding an error term which is assumed to follow a first-order 
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autoreqressive scheme gives 
y(t) " SqX + a^ Xx^ (t) + a^ Xx^ Ct) + (1 - X)y(t-l) + u(t). (4,19) 
Solving this equation for u(t) and lagging each variable one time period 
gives 
u(t-l) • y(t-l) - a^ X - a.Xx.(t-1) - a^ Xx^ ft-l) - (l - X)y(t-2). 
 ^  ^  ^ (4.20) 
Assuming the error structure of (4.16) and substituting (4.20) into 
(4.16) produces 
u(t) • py^ .i - *oXp - a2Xpx^ (t-l) - a2Xpx2(t-l) - (l - X)py(t-2) 
+ c(t) (4.21) 
and substituting (4.21) into (4.19) yields 
y(t) " Cq + CjXj^ (t) + C2X2(t) + C3y(t-l) + c^ x^ tt-l) + CjX2(t-l) 
+ c^ y(t-2) + f(t) (4.22) 
where 
®4 " ' *1%* 
Cj • a^ X ®5 " " *2^ * (4.23) 
2^ " «2^  c^  - - (1 - X)p. 
Cg « (1 - X) + p 
Note that (4.22) can be reduced to the static model of (4.17) if X = 0 and 
p • 0. If p • 0, (4.22) reduces to (4.20). If X « 0, but p 0, we have 
a static model with autocorrelated errors. 
At first glance, it would appear that (4.22) could be estimated with 
least squares. A closer look at (4.22) and (4.23) indicates that, in 
general, least squares would yield conflicting parameter estimates. Equa­
tions in (4.23) contain only five unknown parameters while a least squares 
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estimation of (4.22) would generate seven parameters. That is, system 
(4.23) is composed of seven equations in five unknowns. Only by chance 
would the least squares estimates satisfy the nonlinear restrictions that 
are implied in (4.23). 
The iterative procedure of the modified Gauss-Newton routine has been 
adapted by Fuller and Martin to circumvent this problem. To begin, we 
assume that the variables are expressed as deviations from their respective 
means. Thus, the number of parameters to be estimated is reduced by one, 
with the estimate of a^  derived from the final solution. A beginning set 
of estimates is selected for the remaining unknown parameters. Following 
Fuller and Martin (44), we let the beginning set of estimates be repre­
sented as 
0^ * (*10* ®20» ®30* ®40^  (4.24) 
where 
®i ' «1* 
@2 * a2& 
83 " (1 - X) 
84 " P 
and the second subscript, 0, denotes the starting values. 
Expanding (4.22) about in a Taylor series and keeping only the 
first-order terms gives 
y(t) - Yo^ t) • ZigAGio + *20**20 3^0**30 * ^40**40 
where 
*0'^ ' " * '20*2'*' * (»30 * 
- »2oV2't-i^  -
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and 
ZlO - X (t) - e^ QXjCt-l) 
Z20 " *2^ ^^  - *40*2(t"l) 
Z30 « y(t-l) - e y^(t-2) 
240 • y(t-i) - ejQXj(t-i) - GgoXgCt-i) - 83^ 7(1-2). 
The ZjQ are the first derivatives of (4.22) with respect to each unknown 
parameter, and the are the deviations of the 6^ q from the true param­
eters. Estimates of are obtained by regressing the variable 
y(t) - yQ(t) on the Z^ Q. 
If the estimated A6^  ^are not small, the procedure is repeated using 
as the second starting point 
Pj . («10 + aSio). (@20 + («30 + A'êjo), (e^  + 
where the AG^ q are the least squares estimates for AG^ Q. This process is 
continued until the A^ j^ become very small. 
If the c(t) are normally distributed and the x^ (t) have a regular 
variance-covariance matrix, the final set of estimates, Pj, are maximum-
likelihood estimates possessing the properties of consistency and 
asymptotic normality. The large sample parameter variance-covariance 
matrix is estimated in the usual manner as 5^ (22')"^  from the final iter­
ation where 
S (y{t) - y(t))^  
s2 . i 
T - P 
where T is the number of observations and P is the number of parameters 
estimated (P • 5 in the model illustrated). 
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To summarize, the autoregressive least squares procedure finds the 
set of regression coefficient estimates and autocorrelation coefficient 
estimate that minimizes the residual sum of squares. Each iteration, in 
general, produces a smaller residual sum of squares than any previous 
iteration and the procedure converges to a final solution. To guarantee 
this convergence, a "dampening" rule is applied to the during each 
iteration. This rule prevents the residual sum of squares from increasing 
over its value in previous iterations. Since the original procedure 
ensures that will be of the correct sign, the dampening rule is of 
the form where k is the dampening parameter and 0 < k < 1. 
The problem reduces then to finding the value for k such that the residual 
sum of squares associated with + k6^ )^ is less than the sum of squares 
associated with the parameter estimates of the previous iteration P^ . We 
denote the sum of squares associated with (P^  + kA8^ ) by QCk)^ ^^ * 
Several procedures for determining k are available, two of which are 
given by Hartley (57). The one used by Fuller and Martin is perhaps the 
simplest. The Fuller and Martin algorithm selects the largest value for k 
in the geometric series, 1, 1/2, 1/2,..., etc. such that 
< Q(o)i+i* 
That is, successively smaller values of k are tried until the residual sum 
of squares becomes smaller than the sum of squares of the previous iter­
ation. First, the program computes the residual sum of squares, Q(l)i+i, 
i.e., no dampening of the estimated parameter changes is assumed. If this 
value is less than Q(0)i+i* the residual sum of squares from the previous 
iteration, P^  + is used directly as the start vector for the next 
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iteration. If Q(l)i+i is greater than Q(0)j^ j the value of k is set to 
1/2 and Q(l/2)^ ^^  ^is computed. If this is less than 9(0)^ +^  * (Pj + 1/2^ 6^ ) 
is used as the start vector for the next iteration; if not, k is set to 
1/4, etc. 
To illustrate the Fuller and Martin autoregressive least squares 
procedure, we have assumed a distributed lag model with first-order auto-
correlated errors. This general nonlinear estimation technique can be 
applied to other models. A static model such as (4.17) without (4.18), 
which has an error structure following a first-order autoregressive scheme, 
can be estimated by autoregressive least squares. As indicated earlier, 
setting X • 1 in (4.23) reduces it to the static model. The same procedure 
is followed as in the model illustrated, except 6g is fixed at 0.0 for all 
iterations. Iterative nonlinear least squares can be used to estimate 
models with higher than first-order autoregressive error structures. The 
autoregressive least squares program used in this study, however, consid­
ered only first-order autoregressive error schemes. 
Autoregressive least squares is used to obtain coefficient estimates 
in our recursive model. In so doing it is assumed that the variance-covar-
iance matrix of the structural disturbances is diagonal and that the equa­
tion errors follow a first-order autoregressive scheme. If the autocor­
relation coefficient is insignificant, we conclude that the errors are not 
correlated and are justified in using the least squares estimates, provid­
ing the system is diagonal recursive. If, in fact, the variance-covariance 
matrix is not diagonal, we must turn to procedures developed for simulta­
neous equation systems. 
79 
Two-Stage Least Squares 
To use least squares to estimate the parameters of a set of relations 
it is necessary that the explanatory variables are uncorrelated with the 
disturbances. It is also necessary that the disturbances in each equation 
be mutually independently distributed. If the first condition holds, but 
the equation errors follow a first-order autoregressive scheme, the auto-
regressive least squares procedure is appropriate. 
Two-stage least squares is a method used to estimate the parameters of 
an interdependent model that has explanatory variables which are correlated 
with the errors. In general, relations that have current dependent varia­
bles on the right-hand side are correlated with the disturbances. This 
results in a variance-covariance matrix that has nonzero elements off the 
diagonal. 
To use two-stage least squares, the assumptions of the general sto­
chastic hypotheses are used without modification. This includes the assump­
tion that the within-equation and among-equation disturbances are nonauto-
correlated. 
Following Goldberger (46) we revise our notation and use the normali­
zation rule stated earlier. Taking the normalized variable (with a coef­
ficient of -1} to the left-hand side, we rewrite the g-th structural equa­
tion as 
y - + Xjpj + u (4.25) 
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where 
y is the T X 1 vector of observations on the left-hand dependent 
variable; 
is the T X ((^ -l) matrix of observations on the right-hand 
included dependent variables; 
is the (%-l) X 1 vector of coefficients of the right-hand 
dependent variables; 
is the T X matrix of observations on the included predetermined 
variables; 
is the K X 1 vector of coefficients of the included predetermined 
variables; and 
u is the T X 1 vector of disturbances in this structural relation. 
We partition the matrix of reduced-form coefficients, H, into 
n 
"lO °11 °12 
"20 °21 °22 
A 
We also partition n, the matrix of estimators for D, similarly. The first 
subscript refers to the predetermined variables: 1 to the included pre­
determined variables, 2 to the excluded predetermined variables, and X to 
all of them. The second subscript refers to the dependent variables* 0 to 
the left-hand one, 1 to the included right-hand ones, and 2 to the excluded 
dependent variables. We also partition X into (X^ Xg), where X^  is T x K*. 
Using this notation, the part of the reduced-form Y » Xn + V that 
refers to the right-hand dependent variables is 
Yi - XjDjj + X2II21 + Vj - Xn^ i + Vj (4.26) 
where Vj^  is the appropriate T x ((^ -1) submatrix of V. 
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By substituting (4.26) into (4.25) and rearranging terms, we obtain 
y - XDjj^ rj + + (u + v^ rp. 
The t-th observations of the predetermined variables are uncorrelated with 
all t-th disturbances in both the structural and reduced form. Thus, con­
sistent estimates of and would be obtained if an ordinary least 
squares regression was run on and X^ . But to run this regression, 
must be known and it is not. However, the matrix can be replaced 
with its estimated counterpart Thus, consistent estimates of and 
can then be obtained by using ordinary least squares on the variables 
A 
Xjljjl and Xj * 
To summarize, consistent estimates of and 3^  are obtainable by 
following a two-stage procedure. 
Stage one* Calculate the least squares estimator of by regressing 
each column of on X; this gives the submatrix of 
n XI (X'X)"^ X'Yj. 
We then obtain the estimated values of from these regressions; 
- Î^ XX-
A 
Stage twos The ordinary least squares regression of y on Yj and Xj^  
is run. The coefficients from this regression are the two-stage least 
squares estimates of Fj^  and 








This is a system of (^ -1 + equations in G^ -1 + K* unknowns. If 
the identification conditions hold, the system will have, in general, a 
unique solution. 
The estimated asymptotic variance-covariance of the two-stage least 





X'îj X^ 'Xj 
where is the residual sum of squares of the g-th equation divided by 
T, the number of observations. 
The basic idea of the two-stage least squares method is to purge the 
explanatory variables, i.e., current dependent variables, of their cor­
relation with the disturbances. This purging is done by obtaining esti­
mates of the explanatory variables as functions of predetermined variables, 
Then, least squares regressions can be run on each structural relation, 
one at a time, providing the right-hand dependent variables have been re­
placed by their purged counterparts. The resulting estimates are biased 
in small samples but the bias disappears as the sample becomes very large. 
Autoregressive Two-Stage Least Squares 
One of the assumptions of the general stochastic hypotheses is that 
the lagged disturbances in each equation are mutually uncorrelated. The 
autoregressive two-stage least squares technique generalizes this assump­
tion to allow the equation disturbances to follow a first-order autore­
gressive scheme. All other assumptions of the general hypotheses are kept. 
Note particularly that the variance-covariance matrix of the structural 
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disturbances need not be diagonal. 
Again, we alter our notation somewhat, but keep the normalization 
rule used from the start. We now write the g-th structural equation as 
y • + YgTg + u 
where 
Yg is a T X (G^ -l) matrix of observations on the lagged right-hand 
dependent variables; 
Fg is a ((^ -1) X 1 vector of coefficients associated with the lagged 
dependent variables. Some elements of which may be zero; and 
u is a T X 1 vector of disturbances and it is assumed u^  • ''"t-1 ^  *t 
where p is the first-order autocorrelation coefficient and the 
are assumed to be mutually independent with a zero mean and variance 
a2. 
The remaining matrices and vectors have the same definitions as in (4.25). 
Procedures to estimate simultaneous equations with autocorrelated 
errors have been suggested by Sargon (108) and Amemiya (2). The estimation 
procedures used in this study are adapted from Professor Wayne Fuller's 
advanced econometric course at Iowa State University and from private com­
munications with Professor Fuller and James Mellon of the Iowa State 
University Department of Statistics. Two estimation techniques are applied. 
The first technique we shall call autoregressive least squares - 1 (ATS-l). 
A two-stage procedure is followed. 
Stage one* Each column of Y^  and Y2 is regressed on all of the exoge­
nous and lagged exogenous variables in the system. Note that lagged de­
pendent variables are not used as regressors. Calculate the estimated 
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A A 
values of and Yg from the regressions which we can label and Yg. 
Stage two* An ordinary least squares regression is run on 
and Y^  to obtain estimates of and 
This procedure gives consistent estimates of the structural coeffi­
cients Fj, and Fg. However, the efficiency of these estimates can be 
improved by replacing Stage 2 with the application of autoregressive 
least squares. 
We shall call this alternative technique, which uses the autoregres­
sive least squares routine, autoregressive two-stage least squares - 2 
(ATS-2). The first stage for ATS-1 and ATS-2 is identical. But in the 
second stage ATS-2 uses nonlinear least squares to simultaneously esti­
mate the structural coefficients of the equation 
y - + XiPi + YaFg + u 
and the first-order autocorrelation coefficient as represented by p in 
"t " ""t-i * 't 
with the error terms, c^ , mutually independent with zero mean and variance 
Determining the proper estimation procedure to apply to a recursive 
econometric model is a two-pronged problem. First, it must be decided if 
the variance-covariance matrix of the structural disturbances can reason­
ably be assumed to be diagonal. The second complication concerns the 
presence of autocorrelated errors. 
If we are sure that the errors of the equations in a recursive model 
are mutually independent we would prefer to use least squares to estimate 
the structural coefficients. Not only are the computations easier but the 
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coefficient estimates have a smaller variance than estimates obtained from 
simultaneous methods such as two-stage least squares (85, p. 543 ff). 
If we suspect that there is substantial correlation among the errors 
affecting the different relations, we should turn to two-stage least 
squares or some other simultaneous estimation technique in spite of the 
triangular form of the matrix of endogenous coefficients. That is, even 
though the model is recursive, we should use a simultaneous estimation pro­
cedure if we have reason to believe the variance-covariance matrix is 
nondiagonal. 
Regardless of whether the variance-covariance matrix of the structural 
disturbances is diagonal, we must come to grips with the problem of auto-
correlated errors. The presence of autocorrelated errors in the single 
equation model, at best, reduces the efficiency of estimates. If a time 
lag of the dependent variable appears as an explanatory variable, least 
squares estimates are biased. Similarly, consistent simultaneous parameter 
estimates of the interdependent model are conditioned on the assumption of 
nonautocorrelated errors. 
Since the tests for autocorrelation, in general, are of low power, 
both the single equation and interdependent models should be subjected to 
procedures which allow for autocorrelated errors. Autoregressive least 
squares and autoregressive two-stage least squares - 2 can be used for 
single equation models and interdependent models respectively as a test for 
autocorrelated errors. If the autocorrelation coefficient is significant, 
we reject the hypothesis of nonautocorrelated errors and rely on the 
coefficient estimates of the autoregressive techniques. 
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The equation parameters of the final equations in our recursive 
model, which include right-hand current endogenous variables, are estimated 
with five techniques: l) least squares (LS), 2) autoregressive least 
squares (ALS}, 3) two-stage least squares (2SLS), 4) autoregressive two-
stage least squares - 1 (ATS-l), and 5) autoregressive two-stage least 
squares - 2 (ATS-2). Equations with only predetermined explanatory varia­
bles are estimated with least squares and autoregressive least squares. 
Once the equations are estimated with the above techniques, we must 
select a set of estimates for each equation to be used in the simulation 
analysis. To make this selection, the following initial criteria is used. 
First, it is assumed that the varlance-covariance matrix is not diagonal. 
Thus, relations that contain right-hand current dependent variables are 
viewed as belonging to an Interdependent system. Depending on the evidence 
of autocorrelated errors, 2SLS, ATS-l or ATS-2 coefficient estimates are 
used. If the autocorrelation coefficient in the ATS-2 procedure and pos­
sibly the d statistics of the other estimation procedures indicate nonauto-
correlated errors, the 2SLS estimates are selected. If autocorrelation 
appears to be present, the ATS-l or ATS-2 estimates are used. The more 
efficient estimates of ATS-2 are the likely choice. The least squares and 
autoregressive least squares estimates are used for comparison. The diver­
gence between the single model and interdependent model estimates should 
give a limited indication of the correlation of the different equation 
disturbances. 
In equations which have only predetermined explanatory variables, 
least squares estimates are selected if the d statistics and autocorrela­
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tion coefficient from the ALS technique indicate the absence of autocor-
related errors. The autoregressive least square estimate is chosen if 
autocorrelated errors are present. 
Of course, in simulation analysis we are concerned with the estimated 
equation's ability to reconstruct the observed data. An equation using 
coefficient estimates selected on the basis of the above criteria may per­
form inadequately in the simulation model. This may indicate that the 
degree of equation interdependence or the autocorrelation in the errors 
has been misjudged. Thus, one of the other estimation procedures may pro­
vide "better" coefficient estimates for certain equations. "Better" in 
the sense that alternative coefficient estimates enable the equation to 
follow the time path of actual observations more closely than the estimated 
equation selected under the initial criteria. 
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CHAPTER V. PRE-INPUT EQUATIONS 
This chapter and the next three chapters contain the estimated equa­
tions used in the simulation model. The pre-input equations for each 
commodity submodel are presented in this chapter. Chapter VI contains the 
input equations for the submodels. The estimation procedure and empirical 
estimates for the crop production functions are included in Chapter VII. 
Chapter VIII includes the relations in the output sections other than 
crop production functions of the commodity submodels. 
The pre-input equations in each commodity submodel estimate crop 
acreages, machinery purchases, machinery stocks, price of land, value of 
land, commodity inventories and average stock of physical assets and in 
the livestock submodel, livestock purchases. The pre-input section of 
each commodity submodel is recursive. That is, the dependent variables 
are functions of predetermined variables and endogenous variables that have 
been treated as dependent earlier in that commodity's pre-input section. 
For example, in each commodity pre-input section the current machinery 
purchases variable appears as an explanatory variable in the equation to 
predict ending calendar year machinery stocks. Hence, the machinery pur­
chases equation appears prior to the machinery stock function in each of 
the pre-input sections. Similarly, the price of land equations precede 
the value of land relation, which is a function of current land price. 
For ease of presentation, equations are grouped by type of dependent 
variable rather than by commodity categories. Hence, the acreage equations 
for all crops are presented in one section, the machinery purchases equa­
tions for all commodities are presented in another section, the commodity 
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fertilizer demand relations are all together in one section (of the next 
chapter), etc. The equations are put back in the commodity submodel 
framework for the simulation analysis. 
The equations which contain only predetermined variables are estimated 
with least squares (LS) and autoregressive least squares (ALS). Two-stage 
least squares (2SLS) and the two versions of autoregressive two-stage least 
squares estimation methods (ATS-1, ATS-2) (see Chapter IV for discussion 
of estimation techniques and associated assumptions) are applied in addi­
tion to LS and ALS to equations containing current endogenous variables as 
explanatory variables. The coefficient estimates from all estimation 
methods for each equation are presented in Appendix C. Only the estimates 
used in the simulation model are presented and discussed in the text. 
In each chapter section the variable symbols used in equations pre­
sented in that section are defined. Each fitted equation is presented 
using the abbreviated variable names with the regression coefficients, 
standard errors (in parentheses under the coefficients), the estimation 
technique used (LS, ALS, 2SLS, ATS-1, ATS-2), the Durbin-Watson d statis­
tic, the value, the mean square error (MSG) and for the ALS and ATS-2 
estimation techniques the first-order autocorrelation coefficient (p) and 
its standard error (in parentheses under the p estimate). 
The mean square error, value, Durbin-Watson d statistic and coef­
ficient standard errors are calculated using original data for the endog­
enous variables in the multi-stage estimation methods (2SLS, ATS-1, ATS-2). 
The residuals initially calculated in the second stage of these methods use 
the reduced form estimates of the endogenous variables. We recalculated 
90 
the second stage residual terms using actual endogenous variable data, 
re-estimated the mean square errors, values, the d statistics and 
adjusted appropriately the coefficient standard errors. 
Acreage 
Agricultural output has been increasing while cropland has remained 
constant or even declined. Between 1930 and 1967, agricultural output 
nearly doubled while land used for crops declined by 10 percent. 
The increased use of highly productive capital inputs has enabled 
farmers to produce more and more output with less land. For example, in 
1932 over 161 million acres were used to produce 101 million tons of feed 
grains. By 1966 the figures were reversed; less than 100 million acres 
yielded 158 million tons of feed grains. 
Explanatory variables used in crop acreage functions include the past 
year price of the crop, the past year prices of competing crops, government 
acreage allotment and diversion variables, a time variable and past year 
acreage. Since the selling price is unknown at planting time, it is 
assumed producers use last year's crop price as a decision variable. Simi­
larly, only past year prices of competing crops are known at the time 
planting decisions are made. The lagged acreage variable permits farmers 
to respond with a distributed lag to changes in crop prices. Specific crop 
acreage allotments and diversions associated with price support programs 
are hypothesised to be important determinants of acreage for the specific 
crop. A trend variable is included to represent the slowly moving influ­
ences on crop acreage. 
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Variable definitions 
Observations from 1930 to 1967 on the following variables are used 
to estimate the acreage equations* 
i-AC^  Millions of acres of the i-th crop where i • FG (feed grains), 
W (wheat); S (soybeans), C (cotton) and T (tobacco). All 
acreages are adjusted to exclude acreages harvested as hay, 
silage, forage or directly by livestock. Cropland that was 
planted with the intention of harvesting for grain but aban­
doned due to damage from floods, drought or other natural 
disasters is included. A t-1 subscript denotes a one year 
lag of the variable. 
i-PR^ ^^  The past crop year price of the i-th crop (i « FG, W, S, C, T) 
deflated by the implicit GNP deflator. Wheat and soybean 
prices are in dollars per bushel, cotton and tobacco prices 
are in cents per pound and feed grain prices are in dollars 
per ton. Volume of sales weights were used to construct the 
feed grain price variable. 
i-ACATDUMY An acreage allotment dummy variable for the i-th crop (i * W, 
C, T). Ones appear in years in which allotments for the 
relevant crop were in effect with zeros elsewhere. 
FG-ACDIV^  The number of acres diverted from feed grain production under 
the Federal Feed Grain Program. The variable is in millions 
of acres. 





The estimated feed grain acreage relation used in the simulation model 
is* 
FG-AC. - 123.44 + .5637 FG-PR. . - 22.5082 W-PR. , 
* (.2117) (6.6271) 
- 1.0379 FG-ACDIV^  + .1925 FG-AC^  
(.2130) * (.1418) 
LS d " 1.98 r2 » .797 MSE « 61.213 
The standard errors of the coefficients appear in parentheses below 
the parameter estimates. The equation was estimated by least squares as 
indicated by the LS notation. The Ourbin-Watson d statistic, the coeffi­
cient of determination, R^ , and the mean square error, MSE, are also 
reported. 
As postulated by economic theory, an increase in feed grain prices or 
a decline in the price of wheat increases feed grain acreage. The coeffi­
cient estimates of the price variables are significantly different from 
zero at the .01 probability level. High correlation among price variables 
blocked attempts to estimate the influence of other crop prices, such as 
soybean price, on feed grain acreage. At the variable means, the estimated 
short-run elasticity of feed grain acreage with respect to lagged feed 
grain prices is .17. The corresponding long-run elasticity estimate, cal­
culated by dividing the short-run elasticity estimate, .17, by .81 
(l.O minus the coefficient estimate for FG-AC^ )^ is .21. 
The coefficient on the acres diverted variable FG-ACDIV^  is very close 
to minus one. This result is what we would expect since an acre increase 
in diverted acres should decrease the land devoted to feed grain production 
by one acre. The minus one coefficient is prima facie evidence that the 
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feed grain acreage diversion programs have been fairly efficient. 
Together, the independent variables explained over 79 percent of the 
variation about the mean of the feed grain acreage variable. The d sta­
tistic is very close to 2.0 indicating nonautocorrelated errors. The 
autoregressive least squares estimate of the first-order autoregressive 
coefficient was also insignificant. 
Wheat 
The wheat acreage function, also estimated with least squares, is: 
W-AC. = 26.968 + 5.1321 W-PR. , - 7.0059 W-ACATDUMY + .4722 W-AC. 
 ^ (2.2302) (1.7248) (.1011) 
LS d - 1.69 = .738 MSE • 22.652 
All variables are highly significant and the coefficients carry the 
"correct" sign. Addition of the lagged price of feed grains caused the 
wheat price variable to lose significance. Also, the coefficient of the 
feed grain price variable itself was insignificant and had a positive 
rather than a negative sign. The price of feed grains undoubtedly does 
influence wheat acreage. However, nulticollinearity in the data prevented 
us from isolating its influence. 
An estimate of the adjustment coefficient is obtained by subtracting 
the coefficient of lagged acreage, W-AC^  , from 1.0. The coefficient 
estimate of .53 indicates that farmers need over 3 years to make 90 percent 
of the total adjustment to a sustained change in the price of wheat. 
Using the mean of the acreage and lagged wheat price variables, the 
estimated short-run elasticity of wheat acreage with respect to lagged 
wheat price is .13. The long-run elasticity is estimated to be .25. 
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Sovbemns 
The least squares estimate of the soybean acreage relation 1st 
S-AC. " .4084 + 1.2589 S-PR+ , - .0815 FG-PR+ , + .1602 TIME 
 ^ (.7479) (.0363) (.0893) 
+ .8672 S-AC. 
(.0984) 
LS d « 2.19 - .989 MSE = 1.570 
The explanatory variables explain over 98 percent of the variation 
in soybean acreage. Previous period soybean and feed grain prices are 
important determinants of soybean acreage. The low adjustment coefficient 
indicates that past prices are also very Influential. 
The estimate of short-run acreage elasticity with respect to soybean 
price Is about the same as for feed grains and wheat at .17. However, the 
long-run elasticity Is 1.31. Hence, after a sufficiently long period of 
time has elapsed, farmers increase soybean acreage by 13 percent in re­
sponse to a 10 percent Increase in soybean prices. 
The climatic and soil conditions that favor feed grain production are 
also favorable for soybean production. A decline in the profitability of 
feed grains, as measured by feed grain price, induces farmers to shift 
resources from feed grains to soybean production. At the variable means, 
soybean acreage elasticity with respect to lagged feed grain price is 
estimated to be -.22 in the short-run, and -1.66 in the long-run. 
Cotton 
The autoregressive least squares technique was used to estimate the 
cotton acreage relation. The estimated equation is % 
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C-AC. - 12.276 - 5.9460 C-ACATDUMY + .0439 C-PR. , - .4037 TIME. 
* (1.6368) (.1303) (.1336) 
ALS p - .6175 d - 1.96 - .865 MSE » 9.019 
(.1392) 
Time and the cotton acreage allotment dummy variable explain most of 
the variation in cotton acreage. The continued decline in acreage from 
1930 to 1967 is picked up by the trend variable. The acreage allotment 
variable explains much of the deviation from the time trend. The lagged 
price of cotton has the correct sign but lacks statistical significance. 
Institutional and structural considerations appear to have had considerable 
influence on cotton acreage. Federally administered acreage allotments 
and price support activities have aided cotton farmers in adjusting to the 
changing demand conditions for cotton. 
The autoregressive coefficient, p, is highly significant. The calcu­
lated Durbin-Watson d statistic of the reported equation is very near 2.0 
indicating that the errors are not correlated. Least squares estimation 
of the equation yielded a d statistic of .75. The mean square error 
declined from 16.2 in the least squares equation to 9.0 with the ALS 
technique. 
Tobacco 
The tobacco acreage relation estimated with autoregressive least 
squares ist 
T-AC. « -.0575 - .1687 T-ACATDUMY + .0155 T-PR+ , - .0064 TIME 
* (.0695) (.0023) (.0030) 
+ .7429 T-AC. ,. 
(.0802) 
ALS p - -.5419 d • 1.81 R^  - .815 MSE • .0187 
(.1578) 
96 
All variables are significant at the .01 probability level. These 
results indicate that tobacco farmers are more responsive to short-run 
price changes of that crop than producers of other model crops. The short-
run tobacco acreage elasticity with respect to lagged tobacco price is 
estimated at .45. A 10 percent increase in tobacco price increases tobacco 
acreage by 4.5 percent the following year. The corresponding long-run 
elasticity estimate, derived as the ratio of the short-run elasticity, .45, 
and the adjustment coefficient, .26, is 1.77. 
Together, the explanatory variables account for 82 percent of the 
variability in tobacco acreage. The first-order autoregressive coefficient 
is estimated at -.54 and is highly significant. 
Livestock Purchases 
In this study livestock purchases are considered as a function of 
feed grain production in the preceding year and lagged livestock purchases. 
Attempts to relate purchases to indexes of prices paid and received for 
livestock were unsuccessful. The availability of feed as measured by last 
year's feed grain production was found to be the single best variable to 
predict livestock purchases. 
Variable definitions 
Observations from 1930 to 1967 on the following variables are used 
in the livestock purchases function; 
L-LPUR^  The value of livestock purchases deflated by the implicit GNP 
deflator (1947-49 « lOO). The resulting variable is in 
millions of 1947-49 dollars. 
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FG-PROD^ _j Previous crop year feed grain production in millions of tons. 
Equation estimate 
The least squares estimate of the livestock purchases function is: 
L-LPUR^  - -205.7 + 4.5720 FG-PROû. , + .8586 L-LPUR. ,. 
* (1.7789) (.0698) 
IS d « 2.43 R^  = .965 MSE - 19,038 
This extremely simple formulation explains over 96 percent of the 
changes in livestock purchases. The Durbin-Watson d statistic rejects the 
hypothesis of negative autocorrelated errors. The autocorrelation coeffi­
cient was not significantly different from zero in the ALS estimation of 
the equation. 
Ending Year Commodity Stocks on Farms 
Stocks of livestock and crops on farms are a particular capital form. 
They provide a basis for future receipts from the selling of livestock, 
livestock products and crop products. Feed grain and wheat stocks can be 
used as feed in livestock production. Interest on the investment in stocks 
should be included as a production expense. Predictions from the stock 
functions presented in this section are used later in the recursive simu­
lation model to predict this interest change. 
Last year's production and stock are relied on heavily to predict 
ending year crop stocks. To maintain the recursive structure of the simu­
lation model, past year production levels were used as proxies for current 
production levels. The ending year crop inventory equations should be 
viewed as empirical procedures to estimate expected ending year stocks 
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and not as structural equations. Current year livestock purchases and 
lagged livestock inventories are used as determinants in the livestock 
ending year stock relation. Since a decline in gross receipts may indicate 
a stock buildup, this variable was also tried. 
Variable definitions 
The following variables with observations from 1930 to 1967 are used 
in the stock relations: 
i-STK^  Ending calendar year stock on farms for the i-th commodity 
where i « L (livestock, FG (feed grains), W (wheat), 
S (soybeans), C (cotton) and T (tobacco). Each variable is in 
millions of 1947-49 dollars. A t-1 subscript denotes a one 
year lag of the variable. 
i-PROD^  ^  Previous crop year production of the i-th crop (i « FG, W, 
S, T), FG-PROD^  ^  is in millions of tons, W-PROD^ _^  and 
S-PROO . are in millions of bushels and T-PROO is measured 
t-1 t-1 
in millions of pounds. 
L-LPUR^  Purchases of livestock in millions of 1947-49 dollars. 
C-CO_^ _^  Previous year commercial demand for cotton in millions of 
bales. 
WARÛUMY A dummy variable with 1.0's for years 1942 through 1947 and 
0.0's elsewhere. 
T-GINC^  ^  Previous year gross income from the sale of tobacco in 
millions of 1947-49 dollars. 
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Livestock 
The estimated equation for ending year stock of livestock is* 
L-STK. - 3780.9 + .8756 L-LPUR. + .6105 L-STK. ,. 
 ^ (.2971) * (.1277) 
2SLS d - 1.65 - .901 MSE « 315,211 
The two-stage least squares estimation technique was used to estimate 
this equation since the inclusion of current year livestock purchases as 
an explanatory variable may introduce simultaneity into the relation. The 
d statistic indicates the absence of autocorrelated errors. Since the 
equation contains a lagged dependent variable and a current endogenous 
variable the d statistic lacks power. Autoregressive two-stage least 
squares techniques were applied and the independent errors hypothesis was 
accepted. 
Feed grains 
The feed grain ending calendar year stock function is* 
FG-STK. = -34.22 + 41.7228 FG-PRGD. ,. 
 ^ (2.9274) 
ALS p • -.4845 d « 2.04 R^  « .723 MSE = 449,147 
(.1515) 
Including the lagged stock variable does not increase the coefficient 
of determination (R^  value) in the feed grain equation. Lagged feed grain 
production explains 72 percent of the variation in ending year stocks of 
feed grains. 
The autocorrelation coefficient estimate from the ALS procedure is 
significant at the .01 probability level. 
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Wheat 
The ending year stock relation for wheat is* 
W-STK « 155.50 + .1911 W-PROD^  , + .5444 W-STK^  , . 
t (.1853) (.2226) 
LS d - 2.07 R2 » .524 MSE - 20,645 
Previous year wheat production and previous year stock did only a 
mediocre job of predicting ending year wheat stock. The coefficient for 
W-PROD^ _^  is only slightly larger than its standard error. Formulations 
which included lagged wheat price and gross income, number of livestock 
production units and time did not increase the R^  value. 
The independence of error hypothesis, as suggested by the d statistic, 
was supported with an insignificant first-order autocorrelation coefficient 
in an ALS run. 
Soybeans 
The estimated ending year stock of soybeans on farms equation is* 
S-STK. « -1.506 + 1.0923 S-PROD+ ,. 
 ^ (.0476) 
LS d - 2.18 r2 • .936 MSE » 5,667.1 
The stock and production variables are in different units of measure. 
The coefficient for S-PROD^  ^  indicates that a million bushel increase in 
last year's production increases ending year stock by slightly over 1 mil­
lion 1947-49 dollars. Last year's production explains 94 percent of the 
variation in soybean stocks. 
Again, an ALS run indicated nonautocorrelated errors. 
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Cotton 
The equation selected to explain cotton ending year stock is* 
C-STK. - 310.37 - 12.9612 C-CD. , + .3670 C-STK. ,, 
 ^ (15.7396) (.1750) 
LS d « 1.95 r2 - .195 MSE « 19,399 
Many explanatory variables were tried to explain cotton stock. All 
formulations gave disappointing results. Cotton stocks are highly erratic. 
The above prediction equation, while not much better than using the mean 
over the period, performed surprisingly well in the simulation model. 
Tobacco 
The tobacco ending year stock of tobacco equation is* 
T-STK. « 73.822 + .0364 T-PROD. . + 61.4897 WABDUMY - .0792 T-GINC. , 
* (.0360) (21.3597) (.0491) 
+ .6412 T-STK. ,. 
(.1049) 
ALS p « -.5244 d » 1.84 R2 « .547 MSE » 2,360.6 
(.1676) 
Negative autocorrelation was suggested from the results of the least 
squares estimated relation. The autocorrelation coefficient, p, is signif­
icant at the .01 probability level. 
Increases in tobacco stocks were found to be associated with decreased 
gross income the preceding year. Also, additional ending year tobacco 
stocks were accumulated during the war years due to the upsurge in tobacco 
production during that time. 
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Average Calendar Year Stock of Commodities 
As mentioned in the preceding section, equations are included later 
in the simulation model to estimate interest on commodity stocks. Averages 
of beginning and ending year inventories for the respective commodities 
are used as explanatory variables to estimate those interest charges. 
Hence, we define the following identities which are incorporated into the 
simulation model using the notation of the last section and denoting aver­
age stock by STKAVE^ t 
L-STKAVE^  - (L-STK^ .j + L-STK^ )/2 
FG-STKAVE^  « (FG-SrK^ _j + FG-STK^ )/2 
W-STKAVE^  - (W-STKt_i W-STK^ )/2 
S-STKAVE^  • (S-SrK^ _^  + S-STK^ )/2 
C-STKAVE^  - (C-STKt_i + C-STK^ )/2 
T-STKAVE^  » (T-STK^ _j + T-STK^ )/2. 
Machinery Purchases 
Mechanization has played an important role in transforming agriculture 
from a labor to a capital intensive industry. 
With the invention of the binder, one man could reap a field of wheat 
in a day that would take ten men many days to cut down with a scythe. The 
advent of the ccnibine eliminated the chore of shocking grain bundles and 
later hauling them to a separator or thresher. Tractor power was a direct 
substitute for animal power but tractors also substituted for labor. One 
man and a 45 horsepower tractor can accomplish more in a day than a man 
and a team of horses. Through time the productivity and capacity of trac-
103 
tort and Implement# ha» continually increased. Hence, lest labor Is needed 
to produce the nation's food supply. The high fixed cost of machinery 
encourages producers to Increase farm size as a means of lowering average 
costs. Thus, a large part of the decline In the farm labor force and in 
farm numbers must be attributed to mechanization. 
The machinery input enters the producer's production function as a 
flow of services. The flow of services emulates from the stock of machin­
ery. The stock of machinery is dependent on the rate at which machinery 
depreciates and purchases of new machinery. Assuming the flow of services 
is approximately proportional to stock, machinery purchases, or lack of 
them, allows producers to alter machinery services in production. 
In an environment devoid of uncertainty, machinery demand would be a 
function of the price of machinery, product prices and the prices of other 
inputs. In the uncertain real world, capital limitations often prevent 
producers from purchasing the profit maximizing machinery set. Much of 
the capital in agriculture is generated internally from past profits. 
Thus, measures of past incomes could serve as indicators of availability 
of funds for machinery investment. In the machinery demand functions used 
in this study, lagged gross income and the ratio of real estate value to 
mortgage debt are taken as measures of ability to pay for new machinery. 
During World War II, when the production of tanks took precedence over 
farm machinery production, a backlog of machinery demand developed. High 
product prices during, and immediately following, the war increased 
farmers' equities. Once farm machinery assembly lines started up again, 
farmers had the desire and the wherewithal to Increase their machinery 
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stock. A dummy variable with ones during the post war period, 1948-52, 
and zeros elsewhere is used to capture this shift in demand. 
The ratio of machinery prices to wage rate was tried as an explanatory 
variable without success. This does not mean the relation between the 
prices of machinery and labor is not an important determinant of machinery 
demand. Multicollinearity and other data imperfections prevented us from 
isolating its influence. 
Variable definitions 
Annual observations from 1930-67 on the following variables are used 
in the machinery purchases equations: 
i-MPUR^  The value of new machinery and motor vehicle purchases for 
the i-th crop where i • L (livestock), FG (feed grains), 
W (wheat), S (soybeans), C (cotton) and T (tobacco) deflated 
by the index of prices paid for machinery (1947-49 " 100). 
The resulting variables are in millions of 1947-49 dollars. 
A t-1 subscript denotes a one year lag in the variable. 
i-GINC^  ^  The past year sum of gross receipts and government payments 
for the i-th crop (i * L, FG, W, S, C, T) deflated by the 
implicit GNP deflator (1947-49 * 100). The resulting varia­
bles are in millions of 1947-49 dollars. 
i-EQrY^ _2 The past year equity ratio for the i-th crop (i " FG, W, C). 
This ratio is defined as the value of real estate divided by 
the mortgage debt on that real estate. 
US-MHPI^  ^  The past year index of machinery prices (1947-49 • 100) 
deflated by the implicit GNP deflator (1947-49 • 100). 
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POSTWARDUMY A dummy variable with 1,0's for years 1948 through 1952 
and 0.0'8 elsewhere. 
TIME A trend variable with a 1.0 for 1930, 2.0 for 1931,...,38.0 
for 1967. 
Livestock 
The estimated livestock machinery purchases equation ist 
L-MPUR. • ,3125 + 53.5906 POSTWARDUMY + .0049 L-GINC+ , + 2.3647 TIME 
(15.9188) (,0021) " (.6869) 
+ ,2929 L-MPUR. ,, 
(.1429) 
LS d » 1.99 - .907 MSE « 514.43 
The numbers below the coefficients are the coefficients' standard 
errors. The d is the calculated Durbin-Watson d statistic and MSE is the 
mean square error of the equation. 
All the explanatory variables are significant at the .05 probability 
level. The time and post war dummy variables are significant at the ,01 
level. The elasticity of livestock machinery purchases with respect to 
lagged gross income is calculated at the variable means to be ,39. Thus, 
a 10 percent increase in past year livestock gross income increases machin­
ery purchases for livestock production by 3,9 percent, everything else the 
same. The corresponding long-run elasticity is .55. Following the war, 
machinery purchases were $54 million higher than the demand structure 
would have normally generated. 
The d statistic on this least squares fit and the autocorrelation 
coefficient in an ALS fit support the hypothesis of independent errors. 
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Feed grains 
The estimated feed grain machinery purchases relation Is* 
FG-MPUR. - 88.8782 + 284.1584 POSTWARDUMY + 39.4036 FG-EQfTY. , 
(86.0408) (10.5967) 
+ .1025 FG-GINC. 
(.0445) 
ALS p « .4242 d - 1.87 - .871 MSE » 12,344 
(.1624) 
The feed grain machinery purchases equation contains two measures of 
fund availability. The gross income variable measures producers' short-
run ability to buy machinery and the equity ratio variable indicates 
accumulation of assets from profits of years past. Machinery purchases for 
use in feed grain production appear to be influenced more by changes in the 
lagged equity ratio than by changes in lagged gross income. The short-run 
elasticity with respect to the equity variable is estimated at .52 while 
the comparable figure for the gross income variable is .22. The post war 
years registered an average increase of $300 million (constant 1947-49 
dollars) in machinery purchases. 
The autocorrelation coefficient is significantly different from zero 
at .42. 
Wheat 
The fitted equation for wheat machinery purchases ist 
W-MPUR. - 5.111 + 37.2151 POSTWARDUMY + 7.6931 W-EQTY 
* (24.7713) (2.9762) 
+ .0539 W-GINC ,. 
(.0216) t-l 
ALS p - ,4582 d • 1.99 R^  • .860 MSE « 1,007.8 
(.1837) 
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The wheat machinery purchases equation contains explanatory variables 
that are comparable to the feed grain relation. The autoregressive fit 
of the wheat function, however, indicates that the lagged equity ratio 
and lagged gross income variables are equally Important In explaining 
machinery purchases. The short-run elasticities, calculated at the varia­
ble means, with respect to each of these variables turns out to be .46. 
Custom hiring of expensive harvesting equipment reduces machinery invest­
ment for many wheat producers. Less capital is needed to adjust their 
machinery stock, much of which can be obtained from recent profits. 
Positively autocorrelated errors in the least squares fit were removed 
with the first-order autoregressive scheme of the ALS technique. 
Soybeans 
The machinery purchases equation for soybeans 1st 
S-MPUR. • -1.902 + .0658 S-GINC. , + .6743 S-MPUR. ,. 
* (.0269) (.1617) 
LS d » 2.34 « .967 USE - 229.78 
Lagged gross income and machinery purchases "accounted for" over 
96 percent of the variation in soybean purchases. The coefficients of 
both variables are significantly different from zero at the .01 probability 
level. The estimated short-run elasticity with respect to lagged soybean 
gross income is .41. The adjustment coefficient, estimated at .33, indi­
cates that after about 6 years have passed machinery purchases will have 
increased 12.4 percent following a sustained 10 percent increase in soybean 
gross Income. 
The d statistic accepted the hypothesis of nonautocorrelated errors. 
An ALS run supported this hypothesis. 
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Cotton 
The fitted cotton machinery equation is* 
C-MPUR - 114.489 + 49.1934 POSTWARDUMY + 4.9609 C-EQTY 
* (15.9818) (2.2515) 
- 1.2210 US-MHPI. , - .0175 C-GINC. ,. 
(.4723) (.0161) 
ALS p - .1756 d « 1.94 R2 = .816 MSE » 466.787 
(.2194) 
The index of machinery price variable appears in the cotton machinery 
purchases equation with the "correct" sign. The machinery price variable 
was tried as an explanatory variable in the machinery purchases functions 
of the other commodities. However, its coefficient was significant and 
had the correct coefficient sign only when it was used as the sole explan­
atory variable for machinery purchases. The R^  and Durbin-Watson d sta­
tistic values of these equations were extremely low suggesting that impor­
tant determinants of purchases had been omitted. The addition of variables 
that were postulated to influence purchases, such as the lagged equity 
ratio and gross income variables and a post war shift variable, caused the 
coefficient of the price index variable to go insignificant or reverse 
signs for all commodity equations except cotton and tobacco. Imperfections 
in the data are at least partly responsible. The capital outlay involved 
in purchasing machinery is often substantial. Hence, machinery purchases 
may be more influenced by capital availability considerations than by 
changes in the relative price of machinery. 
The gross income and equity elasticities are .35 and .55, respec­
tively. The short-run price elasticity is estimated at -1.52. The ALS 
estimate of the autocorrelation coefficient was insignificant. The least 
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squares fitted equation did not do as well in preliminary simulation runs 
as autoregressive least squares estimates. Hence, the ALS estimates were 
used. 
Tobacco 
The tobacco machinery purchases equation is* 
T-MPUR. » 9.030 + 2.8563 POSTWARDUMY + .0099 T-GINC. . 
 ^ (.9848) (.0011) 
- .0877 US-MHPI. ,. 
(.0305) 
LS d • 2.33 R2 - .802 MSE - 2.921 
The absolute value of the variable coefficients are small but they are 
all significant at the .01 probability level. The calculated short-run 
gross income and price elasticities, however, suggest tobacco machinery 
purchases are very responsive to income and price changes. Both estimated 
elasticities have an absolute value greater than 1.0; the gross income 
elasticity is 1.06; the price elasticity is -1.38. 
The d statistic in the reported least squares equation and the insig­
nificant autocorrelation coefficient generated in an ALS run indicate that 
equation errors are independent. 
Ending Year Stock of Machinery 
The flow of machinery services farmers employ in commodity production 
are derived from the stock of machinery. Predictions from the machinery 
stock equations presented in this section are utilized later in the respec­
tive simulation submodels to estimate machinery expenses (interest and 
depreciation) and fuel, oil and repairs expenses, that is, the flow of 
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machinery services. 
The stock of machinery changes as old machinery depreciates out and 
new machines are purchased. Utilizing the recursive formulation of the 
econometric and simulation models, the ending year stock of machinery is 
specified as a function of current year machinery purchases and the lagged 
stock of machinery. 
Since a current endogenous variable, machinery purchases, appears as 
an explanatory variable, simultaneous estimation techniques were applied. 
Two-stage least squares estimates were used in the simulation model for the 
livestock, feed grains, cotton and tobacco relations. The autoregressive 
two-stage least squares - 1 estimates were selected for the wheat and 
soybean equations. Based on the value of the d statistic, autocorrelated 
errors did not appear to be a problem in the 2SLS estimated machinery stock 
relations for either wheat or soybeans. However, the equation estimated 
with ATS-1 techniques performed considerably better in the simulation 
model. 
Variable definitions 
The variables used for the ending year machinery stock equations are* 
i-MSTK^  Ending year stock of machinery in millions of 1947-49 dollars 
for the i-th commodity where i " L (livestock), FG (feed 
grains), W (wheat), S (soybeans), C (cotton) and T (tobacco). 
A t-1 subscript denotes a one year lag in this variable. 
i-MPUR^  Current year purchases of machinery for use in the production 
of the i-th commodity (i " L, FG, W, S, C, T). 
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Estimated equations 
As mentioned earlier, machinery stock relations are specified as 
functions of current machinery purchases and lagged stock for the respec­
tive commodities. Since for these particular equations we are more inter­
ested in the equation's predictive ability and less In the structural 
coefficients, the estimated relations are presented without discussion. 
Livestock 
L-MSTK. - -37.532 + 1.2174 L-MPUR. + .8721 L-MSTK. , 
* (.1947)  ^(.0300) 
2SLS d - 1.75 R2 • .989 MSE » 2,356.7 
Feed grains 
FG-MSTK. » -18.351 + .9295 FG-MPUR. + .7980 FG-MSTK. , 
* (.1747) * (.0450) 
2SLS d » 2.43 R2 • .963 MSE » 46,436 
Wheat 
W-MSTK. « 9.849 + .8657 W-MPUR. + .8401 W-MSTK. , 
* (.3298) * (.0746) 
ATS-1 d » 2.37 R2 • .928 MSE » 9,535.1 
Soybeans 
S-MSTK. • 7.2425 + .3417 S-MPUR. + 1.0048 S-MSTK. , 
(.5480)  ^ (.1036) 
ATS-1 d » 2.23 R2 » .988 MSE - 2,543.3 
Cotton 
C-MSTK. » 54.33 + 1.1264 C-MPUR. + .6437 C-MSTK. . 
 ^ (.3522)  ^(.1055) 
2SLS d - 2.42 R2 - .769 MSE « 5,005.1 
Tobacco 
T-MSTK^  « 7.126 + 1.8531 T-MPUR. + .8253 T-MSTK. , 
* (1.0269) * (.0843) 
2SLS d - 2.18 r2 » .875 MSE - 225.31 
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Average Machinery Stocks 
As suggested in the previous section, information generated from the 
ending stock of machinery equations is used to explain annual machine 
services. The actual variables used are the averages of beginning and 
ending year machinery stocks. Thus, we define the following identities 
using the notation of the previous section and letting i-MSTKAVE^  denote 
average machinery stock for the i-th commodity; 
L-MSTKAVE^  - (L-MSTK^ .i + L-MSTK^ )/2 
FG-MSTKAVE^  - (FG-MSTK^ _ ^ + FG-MSTK^ )/2 
W-MSTKAVE^  - (W.MSTKt_i + W-MSTK^ )/2 
S-MSTKAVE^  -(S-MSTKt_i + S-MSTK^ )/2 
C-MSTKAVE^  = (C-MSTKt_i + C-MSTK^ )/2 
T-MSTKAVE^  - (T-MSTKt_i + T-MSTK^ )/2. 
Price of Land 
In the recursive simulation model used in this study, the price of 
land is the first link in a causal chain to determine the value of land 
services used in commodity production. The price of land and acreage 
determines the value of land and buildings devoted to commodity production. 
The value of land (in constant dollars) is used to estimate real estate 
charges (interest, depreciation, building repairs, etc.) and real estate 
taxes both of which appear in the commodity production functions. 
The set of variables that can be postulated to influence land prices 
is large. Among the variables one might consider are alternative measures 
of farm income, government farm programs, technological advance, farm 
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enlargement, transfers of farmland, rural-urban population shifts and 
capital gains. After much preliminary analysis, we found that past year 
farm size, gross income and land price explained most of the variation in 
current year land prices, luc farm size variable measures the influence 
of farm enlargement on land prices. Farmers have been expanding farm size 
to realize cost economies associated with increased mechanization and to 
broaden their income generating base. Additional land can often be added 
to a farmer's home acreage without increasing his machinery stock. Machin­
ery fixed costs can then be spread over larger acreages. Production costs 
per acre decline and the added acreage increases salable output. 
Gross income is taken as a measure of present and expected returns 
from land. Government farm payments are included in the relevant commodity 
gross income figures. Hence, the gross income variables carry along, to a 
limited extent, the influence of farm programs on land prices. 
Variable definitions 
Observations on the following variables from 1930 to 1967 are used in 
the price of land functions; 
i-PRLA^  The index of the price of land and buildings per acre 
(1947-49 » 100) for the i-th crop where i = FG (feed grains), 
W (wheat), S (soybeans), C (cotton) and T (tobacco). A t-1 
subscript denotes a one year lag for the variable. 
i-FMSZ^ _^  The past year index of acres per farm (1947-49 • 100) for the 
i-th crop (i « FG, W, T). 
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1-GINC^  ^  The past year sum of gross receipts and government payments 
for the i-th crop (i • S, C, T) deflated by the implicit GNP 
deflator (1947-49 • 100). The resulting variables are in 
millions of 1947-49 dollars. 
Feed grains 
The fitted price of land equation for feed grains is: 
FG-PRLA. « -142.33 + 1.8361 FG-FMSZ. , + .6411 FG-PRLA^  ,. 
* (.4877) (.1237) -^1 
LS d » 2.23 r2 « .964 MSE » 96.688 
The standard errors of the coefficient appear below the coefficient 
estimates. The Ourbin-Watson d statistic, the value and the mean square 
error are also presented. 
The past year farm size index and land price explain over 96 percent 
of the variation in the price of land used for feed grain production. 
Based on these results, the farm size coefficient estimate indicates that 
a one point increase in the size of farm index increases the feed grain 
land price by 1.8 points. At the variable means, a 1 percent increase 
in the farm size index increases the price of land index by 1.57 percent. 
Including lagged feed grain gross income as an explanatory variable 
did not raise the R2 value appreciably. Furthermore, the equation includ­
ing the gross income variable did not follow the time path of the actual 
data satisfactorily in the simulation model. 
Wheat 
The price of land relation for wheat is* 
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W-PRLA^  - -61.535 + 1.1481 W-FMSZ^  , + .5384 W-PRLA. 
* (.3271) (.1321) 
LS d « 2.20 r2 . .864 MSE = 165.59 
As in the case for feed grains, attempts to include the appropriate 
gross income variable were unsuccessful. Based on these results, it 
would appear the increases in prices of land used for feed grain and wheat 
production have been largely due to the pressures of farm enlargement. 
However, the true structural equations for these land price relations 
undoubtedly include other influences. Lack of data precision, improper 
measurement of conceptually important variables and problems of multicol-
linearity prevented us from isolating these separate influences. The 
selected equations predict land prices satisfactorily but should not be 
considered as truely structural relations. 
Soybeans 
The estimated price of land equation for soybeans is* 
S-PRLA+ » 19.940 + .0254 S-GINC+ , + .7076 S-PRLA. ,. 
 ^ (.0082) (.1076) 
LS d - 2.32 « .937 MSE « 86.195 
Lagged soybean gross income and the land price index explain over 
93 percent of the variation in the current index of soybean land prices. 
The autoregressive least squares results rejected the hypothesis that 
the errors follow a first-order autoregressive scheme. 
Cotton 
The price of land equation selected for cotton is; 
C-PRLA^  - -5.204 + .0064 C-GINa . + .9644 C-PRLA. ,. 
 ^ (.0038) (.0429) 
LS d « 1.67 R2 « .938 MSE « 131.71 
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As in the soybean relation, the relevant lagged gross income and land 
price index "account for" over 94 percent of the variance in the current 
cotton land price index. The cotton gross income variable is significant 
at the .10 probability level. 
No evidence of autocorrelated errors wa& detected with the ALS esti­
mation procedure. 
Tobacco 
The tobacco price of land equation is* 
T-PRLA. « -9.320 + .1228 T-FMS2. , + .0094 T-GINC. , 
* (.0650) (.0053) 
+ .9066 T-PRIA. 
(.0740) 
LS d « 2.27 r2 - .972 MSE - 54.593 
The lagged farm size index and gross income variables are signifi­
cantly different from zero at the .10 level. The explanatory variables 
together predict tobacco land prices fairly well as indicated by the 
.97 value. 
Again, the ALS results suggest that the errors are independent. 
Value of Land 
The equations used in this study to predict the value of land used to 
grow crops are really identities. The price of land in 1947-49 dollars 
times acreage is defined as the value of land used for production for the 
respective crops. However, index numbers rather than actual observations 
were used for the price of land variables. Hence, the value of land was 
regressed on the product of the land price index and acreage for each crop. 
The regression coefficients simply adjust for the change in the unit of 
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measure of land price variables. For livestock, the value of land was 
estimated directly. The results of the livestock value of land equation 
are presented first followed by a list of the estimated relations for the 
crops. 
Variable definitions 
Data from 1930 through 1967 on the following variables are used to 
predict land values by commodities* 
i-VALA^  The value of land and buildings used in the production of the 
i-th crop where i • L (livestock), FG (feed grains), 
W (wheat), S (soybeans), C (cotton) and T (tobacco) deflated 
by the implicit GNP deflator (1947-49 • lOO), The resulting 
variables are in millions of 1947-49 dollars. 
i-PRLA^  An index of land price per acre deflated by the implicit GNP 
deflator (1947-49 * lOO), The index numbers are based so 
1947-49 " 100, 
i-AC^  Current year acreage of the i-th crop (i = FG, W, S, C, T) 
expressed in millions of acres, 
L-GINC^  ^  Past year gross income received from livestock production 
deflated by the implicit GNP deflator (1947-49 = lOO), The 
resulting variable is in millions of 1947-49 dollars, 





L-VALA^  - -16,633 + ,0996 L-GINC. , + 108.0093 TIME + .9246 L-VALA+ , 
(.0910) ' (63.4461) (.0608) 
ALS p = -.6032 d « 1.89 = .971 MSE = 2,869,794 
(.1467) 
Feed grains 
FG-VALA. " -.4778 + .9194 FG-PRLA. * FG-AC. 
 ^ (.0002)  ^  ^
ATS-1 d « 1.90 r2 « .999 MSE - 41.519 
Wheat 
W-VALA^  • 2.7804 + .6801 W-AC. * W-PRLA. 
* (.0003)  ^  ^
25LS d « 2.42 R^  - .999 MSE - 9.00 
Soybeans 
S-VALA. = .573 + .8935 S-PRLA. * S-AC. 
* (.0001)  ^ * 
ALS p » -.6658 d • ,980 R^  = .999 MSE = .915 
(.0577) 
Cotton 
C-VALA. = 3.339 + 2.0569 C-PRLA. * C-AC. 
 ^ (.0035) *  ^
2SLS d - 1.97 r2 « .999 MSE • 76.502 
Tobacco 
T-VALA. • .980 + 11.1412 T-PRLA+ • T-ACx 
 ^ (.0040) *  ^
ATS-1 d • 2.13 r2 « .999 MSE - .623 
Stock of Physical Assets 
The stock of physical assets includes the average of beginning and 
ending year stocks of machinery and commodities and the value of land. 
119 
Due to the complementarity of many operating inputs to the level of assets, 
stock of asset variables are used to explain demand changes in many of the 
input equations in the next chapter. The level of physical assets in agri­
culture indicates the size of agriculture's borrowing base and hence the 
industry's ability to borrow money to invest in capital inputs. 
The stock of physical assets variable for each commodity is the sum 
of the average commodity stock, the average stock of machinery and the 
value of land and buildings for that commodity. Defining i-SPA as the 
stock of physical assets for the i-th commodity (i • L, FG, W, S, C, T) 
and using the syndbols given earlier for the average stock and value of 
land variables the following identities are formedt 
L-SPA^  » L-SIKAVE^  + L-MSTKAVE^  + L-VALA^  
FG-SPA^  » FG-STKAVE^  + FG-MSTKAVE^  + FG-VALA^  
W-SPA^  = W-STKAVE^  + W-MSTKAVE^  + W-VALA^  
S-SPA^  = S-STKAVE^  + S-MSTKAVE^  + S-VALA^  
C-SPA. « C-STKAVE. + C-MSTKAVE. + C-VALA. 
t t t t 
T-SPA^  « T-STKAVE^  + T-MSTKAVE^  + T-VALA^ . 
Summary 
The equations presented in this chapter are utilized in the pre-input 
sections of commodity submodels in the over-all simulation model. In the 
simulation model these equations, sorted by commodity categories, form the 
initial links in a series of causal chains that trace the commodity pro­
duction cycle from resource use to production to utilization and back to 
resource returns or income. Based on past year prices and incomes. 
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production decisions of the past year and institutional considerations, 
equations in the pre-input sections estimate acreage levels first, and 
then recursively estimate capital assets devoted to commodity production. 
Continuing this recursive linkage, information generated in the pre-
input sections is used to estimate flows of services from durable inputs 
and, the levels of monoperiod inputs used in the production of the respec­
tive commodities. This second category of equations in the commodity 
submodels is presented in the next chapter. 
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CHAPTER VI. INPUT EQUATIONS 
The equations in the "input" sections of the commodity submodels are 
presented in this chapter. Continuing the recursive construction, depend­
ent variables in the pre-input section of a commodity submodel may be used 
as explanatory variables in the input section for that commodity's sub­
model. The input sections contain equations for input categories that 
logically appear in the commodity production functions. The input cate­
gories used in this study are: l) fertilizer and lime, 2) seed, 3) labor, 
4) machinery expense (interest and depreciation), 5) real estate expense 
(interest on land and buildings, repairs and depreciation on buildings), 
6) fuel, oil and repairs expense for machinery, 7) miscellaneous expense, 
8) interest on commodity stock, and 9) taxes on real estate. 
All equations are estimated in original data with observations from 
1930 to 1967. Since some of the explanatory variables are treated as 
dependent in the pre-input sections, simultaneous estimation procedures are 
used in addition to least squares and autoregressive least squares. As 
discussed in Chapter IV, least squares estimates are consistent in a 
recursive model assuming the errors among the structural equations are 
independent. Serial correlation of the equation errors must also be ruled 
out if least squares estimates are to be efficient. The latter difficulty 
can often be remedied by assuming the equation errors follow a first-order 
autoregressive scheme and applying the ALS procedure. 
Lack of independence of the errors among the structural equations 
implies that the model contains a degree of simultaneity. An estimation 
method such as two-stage least squares (2SLS), three-stage least squares. 
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limited-information maximum-likelihood or full-information maximum-likeli-
hood is then required to obtain consistent coefficient estimates. The two-
stage least squares estimation method is used in this study. If, in addi­
tion, the equation errors are correlated, a technique should be used that 
treats both simultaneity among the structural relations and autocorrelated 
equation errors. The techniques used in this study are two versions of 
what we have called autoregressive two-stage least squares. See Chapter IV 
for a detailed discussion of these estimational techniques. 
Fertilizer and Lime 
The annual usage of fertilizer and lime on crops increased by ten 
fold between 1930 and 1967. Most of the increase in fertilizer demand has 
occurred since World War II. In 1945 fertilizer made up 2.9 percent of 
total agricultural inputs, but in 1967 this percentage had jumped to 
12.2 percent. Fertilizer accounted for 4.8 percent of the inputs used in 
feed grain production in 1945. In 1967 fertilizer's share of total feed 
grain inputs was 24.9 percent. 
In this study fertilizer demands are postulated to be functions of 
lagged fertilizer prices, lagged gross incomes, the stock of physical 
assets, trend variables and previous year fertilizer demands. 
The increased use of fertilizer has been encouraged by the steady 
decline in the real price of fertilizer. The price of fertilizer relative 
to other prices in the economy declined by nearly one-half between 1930 
and 1967. Much of the increase in fertilizer usage, however, has been due 
to increased awareness of the profitability of fertilizer. Farmers in the 
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past have not used fertilizer to the point where the marginal value product 
equals price. Little information on fertilizer response was available 
until the post war period. Following the war the results of fertilizer 
response experiments began to be disseminated to farmers. Fertilizer 
suppliers became more aggressive in their promotion of fertilizer through 
advertising, educational meetings and demonstration plots. Trend variables 
are used to represent farmers' increased awareness of the profitability of 
applying fertilizer. 
Changes in farmers' equity and income also influenced the demand for 
fertilizer. Lagged gross income and the current stock of physical assets 
are used to measure changes in the capital restraints on fertilizer demand. 
Variable definitions 
The following variables with annual observations from 1930 to 1967 
are used in the fertilizer demand equations! 
i-FERT^  The current year value of fertilizer and lime used on the i-th 
crop where i * FG (feed grains), W (wheat), S (soybeans), 
C (cotton) and T (tobacco) deflated by the price of fertilizer 
index (1947-49 • 100). The resulting variables are in mil­
lions of 1947-49 dollars. A t-1 subscript denotes a one year 
lag for the variable. 
US-FTPI^  ^  The past year index of fertilizer prices (1947-49 = 100) 
deflated by the implicit GNP deflator (1947-49 « 100). 
i-SPA^  The stock of physical assets for the i-th crop (i • FG, W, 
S, C, T) expressed in millions of 1947-49 dollars. This 
variable is defined as the sum of the average commodity 
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stock, average stock of machinery and the value of land and 
buildings. 
TIME A trend variable with 1.0 for 1930, 2.0 for 1931,...,38.0 for 
1967. 
TIME**2 The square of the time variable. 
TM61 A trend variable to capture the shift in fertilizer demands 
between 1961 and 1967. The variable has a 1.0 in 1961, 
2.0 in 1962,...,7.0 in 1967 and 0.0's for all years preceding 
1961. 
i-GINC^  ^  Past year gross income for the i-th crop (i • S, T) deflated 
by the implicit 6NP deflator (1947-49 • 100). The resulting 
variables are in millions of 1947-49 dollars. 
Feed grains 
The fertilizer and lime demand equation for feed grains is* 
FG-FERT. - 114.46 + .0045 FG-SPA. - 1.3184 US-FTPI. , + 30.6667 TM61 
 ^ (.0041) * (.6957) (8.0763) 
+ .8550 FG-FERT. ,. 
(.1056) 
2SLS d « 2.33 R^  « .995 MSE - 863.54 
The explanatory variables explain over 99 percent of the variation 
in feed grain fertilizer demand. The elasticity of fertilizer demand with 
respect to its own price (lagged one year) is -.33 in the short-run. 
Hence, a 10 percent decline in lagged fertilizer price increases fertilizer 
demand by 3.3 percent. The estimated adjustment coefficient of .15 
(l.O - .85) suggests that feed grain producers need several years to opti­
mally adjust fertilizer demand to changing prices. Fifteen percent of the 
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adjustment occurs the first year but remaining adjustment is spread over 
more than 15 years. After this adjustment period has elapsed, the calcu­
lated long-run elasticity of demand indicates that farmers will increase 
fertilizer and lime usage 12.7 percent following a sustained 10 percent 
reduction in fertilizer price. 
The 1961 time variable picks up the accelerated shifts in fertilizer 
demand during the sixties. More and more farmers became "sold" on the 
profitability of using large tonnages of fertilizer. Government payments 
during the sixties under federal acreage diversion programs gave farmers 
ready cash for investing in additional fertilizer for their remaining feed 
grain acres. 
Wheat 
The fitted equation for wheat fertilizer and lime demand is* 
W-FERT. • 95.945 + .0041 W-SPA. - .8255 US-FTPI. , + 9.1423 TM61 
* (.0039) (.3338) * (2.5878) 
+ .6008 W-FERT^  ,. 
(.1313) t-1 
2SLS d « 1.96 R2 « .969 MSE = 205.77 
The wheat fertilizer and lime equation contains the same types of 
explanatory variables as the feed grain relation. Again, as measured by 
the value, the structural equation predictions follow the time path of 
the actual observations respectably well. No evidence of autocorrelation 
is detected by the d statistic or by the autoregressive two-stage least 
squares schemes. 
The estimated short-run price elasticity of demand is very close to 
unity (ignoring sign) at -.94. In the long-run, which is about 5 years 
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off, the price elasticity of wheat fertilizer demand is estimated to be 
-2.34. Based on these results, wheat producers appear to respond to ferti­
lizer price changes more readily than feed grain producers. 
Soybeans 
The estimated soybean fertilizer and lime function is: 
S-FERT « -.3164 + .0040 S-SPA + .0012 S-GINC + .0024 TIME 
 ^ (.0009)  ^(.0019) (.1268) 
- .0152 TIME»*2 + .9548 S-FERT. ,. 
(.0043) (.0853) 
LS d • 1.90 r2 » .983 MSE = .870 
Many preliminary regressions were run before the final specification 
was selected. The selected soybean fertilizer and lime equation, while 
best of those tried, is not completely satisfactory. The coefficients of 
lagged gross income and time are not significantly different from zero. 
However, equations excluding these variables caused the soybean fertilizer 
and lime predictions to explode in the simulation model. Including the 
price of fertilizer as an explanatory variable yielded a significant coef­
ficient but of the "wrong" sign. The estimated soybean fertilizer and 
lime function is not a true structural equation but is only a predictive 
equation. 
The least squares estimates performed better than estimates from the 
other estimational procedures in the simulation model. Hence, the fitted 
least squares equation was used. 
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Cotton 
The fitted cotton fertilizer and lime demand equation is* 
C-FERT. » 67.287 + .0102 C-SPA. - 1.2676 US-FTPI. , - 4.8198 TM61 
(.0043) (.4435) " (3.5284) 
+ .4607 C-FERT. ,. 
(.1770) 
ATS-2 p « .5110 d » 2.29 R^  - .937 MSE - 223.37 
(.1639) 
The short-run elasticity of cotton fertilizer and lime demand with 
respect to the past year price of fertilizer is estimated at -1.17. Hence, 
a 10 percent reduction in past year fertilizer price causes cotton farmers 
to increase fertilizer and lime inputs by 11.7 percent the first year. The 
adjustment coefficient estimate of .54 suggests that after about 3 years 
have passed, fertilizer demand will increase 21.7 percent in response to a 
10 percent sustained decline in fertilizer price. 
The negative coefficient for the 1961 time dummy reflects the decline 
in cotton acreage during the 1961-67 period. 
The hypothesis that the equation errors follow a first-order autore-
gressive scheme was accepted based on the results of the ATS-2 estimation 
procedure. 
Tobacco 
The fertilizer and lime demand equation for tobacco is* 
T-FERT. • 29.058 - .3651 US-FTPI. , + .0155 T-GINC. , + .0090 T-SPA., 
 ^ (.0450) (.0038) (.0022) 
ATS-2 p = .3386 d « 2.06 R^  - .981 MSE « 4.534 
(.1045) 
The explanatory variables are all significant at the .01 probability 
level and explain 98 percent of the variance in tobacco fertilizer demand. 
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The coefficient of the lagged fertilizer demand variable was not signifi­
cantly different from zero when included as an explanatory variable. The 
price elasticity of tobacco fertilizer and lime demand is estimated to be 
-1.03* 
The highly significant gross Income and stock of assets variables 
suggest that tobacco farmers increase fertilizer demand as capital re­
straints are lifted. 
Seed 
The quantity of seed used to produce a crop is largely dependent on 
acreage and technological improvements in seed varieties. Price changes 
do not influence seeding rates greatly. Farmers are more likely to be 
influenced by seeding rate recommendations of extension personnel, and 
seed company representatives than changes in the price of seed. The cash 
outlay for seed is insignificant in relation to other production expenses. 
Farmers purchase the quantity and variety of seed that performs best under 
the fertilization and growing conditions for each crop. 
In this study the demands for purchased and homegrown seed are con­
sidered as functions of acreages, trend variables which serve as proxies 
for improvement in seed varieties and changes in seeding rates, previous 
year seed demands and seed prices. 
Variable definitions 
The variables used to estimate seed demand with observations from 
1930 to 1967 are as follows* 
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1-SEED^  The value of purchased and homegrown seed used to produce the 
i-th crop where 1 « FG (feed grains), W (wheat), S (soybeans) 
and C (cotton) deflated by the price of seed index (1947-49 * 
100) for the i-th crop. The resulting variables are in mil­
lions of 1947-49 dollars. A t-1 subscript denotes a one year 
lag for the variables. A separate seed demand equation for 
tobacco was not estimated but included in tobacco miscella­
neous expense since tobacco seed is such a small proportion 
of total tobacco inputs. 
1-AC^  Current year acreage of the i-th crop (i " FG, W, S, C) 
expressed in millions of acres. 
TIME A trend variable with 1.0 for 1930, 2.0 for 1931,...,38.0 for 
1967. 
TIMB** .5 The square root of the TIME variable. 
i-SDPIt_i The past year index of seed prices (1947-49 • 100) for the 
i-th crop (l • W, C) deflated by the implicit GNP deflator 
(1947-49 - 100). 
Feed grains 
The estimated feed grain seed demand function is* 
FG-SEED • -135.311 + .8846 FG-AC + 14.8038 TIME**.5 
(.1822) (3.3282) 
+ .5739 FG-SEED+ ,. 
(.0940) 
ALS p - -.4754 d - 1.97 R2 - .910 MSE « 99.314 
(.1618) 
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All the coefficient estimates are over four times larger than their 
respective standard errors. The trend and lagged seed variables pick up 
the increase in per acre plant populations that have occurred, especially 
on corn acreages. As expected, the acreage variable provides a significant 
explanation of changes in feed grain seed demand. The mean square error 
for the autoregresslve least squares estimates was lower than for the other 
estimation methods. The ALS estimated equation also performed better than 
the others in the simulation model and, hence, was the final equation 
selected. The first-order autoregresslve coefficient is significant at the 
.01 probability level. 
Wheat 
The fitted demand equation for wheat seed is* 
W-SEED. - 17.090 + 2.2897 W-AC. - .0650 W-SDPI. , + .1555 TIME. 
(.1934) (.0939) (.1276) 
ATS-1 d • 2.01 = .889 MSE = 50.37 
The coefficient of the price of wheat seed variable has the "correct" 
sign but is smaller than its standard error. Thus, it appears that the 
lagged price of seed does not influence wheat seed demand to a large 
extent. The wheat acreage coefficient is nearly 12 times larger than its 
standard error. The time variable which expresses the slowly moving influ­
ences on seed demand has a positive coefficient sign, but is not statis­
tically significant. Most of the variation in wheat seed demand is 
explained by the wheat acreage variable. 
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Soybean» 
The soybean fitted seed demand equation is* 
S-SEED+ » .862 + 3.3710 S-AC+ + .1363 S-SEED+ 
(.2830) (.0778) 
ALS p » .2188 d « 1.87 « .997 MSE « 5.112 
(.1991) 
As for the other crops, changes in seed demand are closely associated 
with changes in acreage. The ratio of the soybean acreage coefficient to 
its standard error is 11.91. 
The autoregressive least squares equation estimates predicted the 
time path of the observed data the best in the simulation model. 
Cotton 
The estimated seed demand equation for cotton is* 
C-SEEDx - .595 + 1.6375 C-AC+ - .1170 C-SDPI+., + .3475 C-SEED+.i. 
* (.1942)  ^(.0340)  ^^  (.0709) * ^  
2as d * 3.88 - .975 MSE « 12.310 
All the explanatory variables are significant at the .01 probability 
level. The coefficient of determination value, .975, suggests that equa­
tion fits the data very well. The price of seed coefficient has the 
correct sign and is significant. The price elasticity of demand calculated 
at the variable means, however, is very low at -.18. A 10 percent reduc­
tion in past year seed price increases seed demand only 1.8 percent, 
ceteris paribus. Again, most of the change in seed demand must be attri­
buted to acreage changes. 
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Livestock Feed Purchases 
A feed purchases equation is included in the input section of the 
livestock submodel. Feed purchases from nonfarm sources includes feed 
grains and protein. The prediction equation for feed purchases uses lagged 
livestock production units and past year feed purchases as explanatory 
variables. Estimated coefficients of feed and livestock price variables 
were insignificant in preliminary equations. The selected equation, while 
not a true structural relation, prédlcts feed purchases satisfactorily. 
Variable definitions 
The variables used in the livestock feed purchases equation are: 
L-FEED^  The value of feed grains and protein purchases from nonfarm 
sources as livestock feed deflated by the index prices paid 
by farmers for feed (1947-49 • lOO). The variable is 
expressed in millions of 1947-49 dollars. A t-1 subscript 
denotes a one year lag in the variable. 
L-LPU^ _j^  Millions of livestock production units on farms the preceding 
year. 
Estimated equation 
The fitted livestock feed purchases equation 1st 
L-FEED+ « -975.282 + 9.1596 L-LPU+ , + .8784 L-FEED+ ,. 
(4.4477) (.0675) 
ALS p - .0279 d - 2.04 r2 - .983 MSE = 60,799 
(.1728) 
This simple formulation explains 98 percent of the variance in feed 
purchases. The d statistic in the least squares fit and the first-order 
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autocorrelation coefficient in the ALS run both rejected the hypothesis 
of autocorrelated errors. However, the ALS estimated equation performed 
better than the LS estimated equation in the simulation model. 
Labor 
Man-hours of labor used to produce all agricultural output declined 
by two-thirds between 1930 and 1967, In 1930, labor (measured in constant 
dollars} accounted for 56.7 percent of all agricultural inputs. By 1950 
the labor proportion had dropped to 31 percent and to 16 percent in 1967, 
The reduction in labor's share of total inputs has been even sharper for 
certain crops. Labor made up less than 6 percent of total inputs used to 
produce feed grains, wheat and soybeans in 1967, In 1930 labor's propor­
tion was 43, 32 and 26 percent for the respective crops. Man-hour require­
ments per acre have dropped two-thirds for soybeans and cotton and three-
fourths for feed grains and wheat during this period. Mechanization and 
increased use of other highly productive capital inputs have enabled agri­
culture to produce more and more output with less and less labor. 
Labor equations in this study are specified as functions of the aver­
age stock of machinery variables, trend variables, acreages and lagged 
labor requirement variables. The past year datum on the livestock produc­
tion units variable is also used to help explain roan-hours of labor used 
in livestock production. 
Since mechanization has dislodged much of the labor in agriculture, 
the average stock of machinery variables are included to explain changes 
in man-hour requirements. In an analysis of labor demand by commodity 
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groupings, changes in the number of acres or production units must also 
be considered. 
Variable definitions 







Man-hours of labor used to produce the i-th commodity where 
i • L (livestock), FG (feed grains), W (wheat), S (soybeans), 
C (cotton) and T (tobacco) based on the man-hour requirements 
series of the United States Department of Agriculture. The 
variables are expressed in millions of man-hours. A t-1 sub­
script denotes a one year lag in the variables. 
Average of beginning and ending calendar year stock of machin­
ery used to produce the i-th crop (i = FG, W) expressed in 
millions of 1947-49 dollars. 
Millions of acres of the i-th crop (i " FG, W, S, C, T). 
Millions of livestock production units on farms during the 
past year. 
A trend variable with 1.0 for 1930, 2.0 for 1931,...,38.0 for 
1967. 
Livestock 
The estimated labor relation for livestock is* 
L-LABR. = 498.05 + 12.5193 L-LPU+ , - 242.5923 TIME + .2000 L-LABR., 
(2.0379) ' (111.0861) (.1179) 
ALS p - .9468 d • 2.02 R^  = .995 MSE = 7,350.1 
(.0369) 
135 
The explanatory variables explain over 99 percent of the variation in 
livestock man-hour requirements. The coefficient of the livestock produc­
tion units variable is significant at the .01 level and the time variable 
coefficient is significant at the .05 level. Converting the coefficient of 
the livestock production units variable to a short-run elasticity indicates 
that a 10 percent increase in lagged livestock production units increases 
livestock labor by 4.3 percent. The long-run elasticity of labor demand 
with respect to lagged livestock units is estimated to be .54. 
Since all the explanatory variables were predetermined, only least 
squares and autoregressive least squares estimation techniques were used. 
The autocorrelation coefficient in the ALS run indicated that the errors 
follow a first-order autoregressive scheme. Hence, the ALS estimates were 
kept for use in the simulation model. 
Feed grains 
The estimated function for feed grain labor is* 
FG-LABR. • 1761.9 + 13.1434 FG-AC+ - .2800 FG-MSTKAVE+ - 45.1842 TIME. 
(3.9203) (.0576) (8.3346) 
ATS-1 d « 1.04 r2 - .970 MSE » 29,439 
The coefficients of the explanatory variables are all significant at 
the .01 probability level. The estimated elasticity of feed grain labor 
requirements with respect to feed grain acreage is nearly 1 at .97. The 
elasticity of labor demand with respect to the average stock of machinery 
variable is estimated at -.47. 
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Wheat 
The estimated wheat labor function is* 
W-LABR • 130.23 + 6.4774 W-AC - .1713 W-MSTKAVE - 5.8608 TIME. 
* (.7150)  ^(.0442)  ^(1.4935) 
ALS p » .3405 d = 2.02 R2 = ,975 MSE = 594.9 
(.1442) 
The coefficients of the explanatory variables are all over three times 
larger than their respective standard errors. The elasticity of wheat 
labor demand with respect to wheat acreage is estimated at the variable 
means to be 1.18. The elasticity estimate with respect to the average 
stock of machinery is -.44. 
The autoregressive least squares estimates performed the best in the 
simulation model and were used. 
Soybeans 
The fitted soybean labor equation is* 
S-LABR « 10.870 + 6.9776 S-AC - 5.6787 TIME + .1851 S-LABR . 
 ^ (.8731) * (1.9792) (.1139) 
ATS-2 p • .8932 d • 2.01 r2 = .991 MSE « 21.550 
(.0536) 
In contrast to labor demand for other commodities, total man-hours of 
labor used for soybean production has increased. Man-hours used per acre 
have declined substantially since 1930 but soybean acreages have increased 
greatly. In 1967, 75 times more land was used to produce soybeans than in 
1930. During this time man-hours of labor used in soybean production in­
creased 12 times. 
The coefficient of the soybean acreage variable is about 8 times 
greater than its standard error. Soybean acreages, time and the lagged 
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soybean labor variable are highly correlated. This lack of Independent 
variation in the explanatory variables makes untangling their separate 
influences difficult. However, the negative time coefficient could be 
interpreted as continuing adjustment on the average relation between acres 
and labor demand for changes in labor needed per acre. Thus, there is a 
counterbalancing effect. An increase in acreage increases labor demand, 
but the increase is tempered by the changes in labor used per acre as rep­
resented by the time variable. 
Cotton 
The labor equation estimated for cotton ist 
C-LABR « 1180.8 + 71.7749 C-AC. - .7977 C-MSTKAVE. - 35.6428 TIME. 
(9.9154) (.3127) (7.9926) 
ATS-1 d » 1.69 • .973 MSE » 28,994.5 
The coefficients of the explanatory variables are all significant at 
the .01 probability level. The elasticity of cotton labor demand with 
respect to cotton acreage is .93, ceteris paribus. The elasticity esti­
mate with respect to cotton average machinery stock is -.20. 
The explanatory variables explain over 97 percent of the variation 
in cotton man-hour requirements. 
Tobacco 
The estimated labor equation for tobacco isx 
T-LABR+ - 2.563 + 462.1345 T-AC.. 
(15.6740) 
ALS p « .8704 d • 2.28 = .977 MSE • 380.88 
(.0500) 
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Tobacco has continued to be a relatively labor intensive crop. Man-
hours used per acre have not declined but have remained fairly constant. 
Consequently, labor used for tobacco production is explained very well 
solely as a function of tobacco acreage. 
Machinery Expense 
Machinery expense as defined in this study includes interest and 
depreciation charges on farm machinery. Forty percent of the interest and 
depreciation on farm autos is also included. The machinery expense varia­
ble for each commodity is a link in a causal chain that began with the 
machinery purchases equation in each commodity's pre-input section. Pre­
vious year values of such variables as gross income, the equity ratio and 
machinery prices determine current machinery purchases. The machinery 
purchases variable, in turn, aids in the determination of ending year 
machinery stock. Average machinery stock is calculated as the average of 
this ending stock figure and ending stock of the past year. Now, in each 
commodity input section, the relevant average machinery stock value is used 
to explain machinery expense and later to explain machinery fuel, oil and 
repairs expense. 
The machinery expense equations estimate the fixed cost of machines 
used in commodity production. As already indicated, each prediction equa­
tion uses the relevant commodity's average stock of machinery variable as 
the primary explanatory variable. The results of the estimated equations 
are presented without separate discussion of each equation. 
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Variable definitions 
The following variables with observations from 1930 to 1967 are used 
in the machinery expense functions: 
i-MACH^  The sum of interest and depreciation charges against machinery 
used to produce the 1-th commodity where 1 = L (livestock), 
FG (feed grains), W (wheat), S (soybeans), C (cotton) and 
T (tobacco). The variables are expressed in millions of 
1947-49 dollars. 
i-MSTKAVE^  The average of beginning and ending year stock of machinery 
used to produce the 1-th commodity (1 • L, FG, W, S, C, T) 
in millions of 1947-49 dollars. 
TIME A trend variable with 1.0 for 1930, 2.0 for 1931,...,38.0 for 
1967 
Estimated equations 
The machinery expense estimated equations including standard errors 
in parentheses below the coefficients and related statistics are* 
Livestock 
L-MACHx » 12.468 + .1995 L-MSTKAVE+ - .7522 TIME 
(.0067) (.2682) 
2SLS d - 1.45 - .995 MSE - 33.1 
Feed grains 
FG-MACH. » 47.014 + .2635 FG-MSTKAVE. - 2.5618 TIME 
(.0086) (.8233) 
2SLS d - 2.30 • .989 MSE - 824.48 
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Wheat 
W-MACH+ - 7.6711 + .2403 W-MSTKAVE+ - 1.0459 TIME 
(.0123) (.3789) 
2SLS d - 2.24 = .978 MSE « 127.25 
Soybeans 
S-MACH. • 1.639 + .1523 S-MSTKAVE. + .3585 S-MACH+ , 
(.0273) (.1301) 
ATS-2 p - -.0476 d • 2.86 • .997 MSE » 34.510 
(.1518) 
Cotton 
C-MACH » 5.5201 + .2333 C-MSTKAVE - .3713 TIME 
* (.0120) * (.1429) 
2SLS d - 2.31 r2 - .929 MSE = 74.455 
Tobacco 
T-MACH. - .300 + .0920 T-MSTKAVE. + .1684 T-MACH. , 
(.0112) (.1005) 
ATS-1 d «= 2.58 R = .967 MSE = .718 
The coefficients of the average machinery stock variables are many 
times larger than their respective standard errors. Differences in age 
distributions and depreciation rates for machines used for the various 
crops explain the range in coefficient estimates. However, the elasticity 
of machinery expense with respect to average machinery stock is very near 
unity for each of the commodities. Thus, a 1 percent increase in average 
machinery stock for the i-th commodity is associated with a 1 percent 
increase in that commodity's machinery expense level. 
Real Estate Expense 
The real estate expense variables measure services of land and build­
ings used in commodity production. Real estate expense includes interest 
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on land and farm buildings and depreciation and repairs on buildings. 
Operators' dwellings are not included as part of farm buildings. 
Real estate expense is basically a function of the value of land and 
buildings. Interest and depreciation charges are fixed costs and depend 
on the worth of the land and buildings used to produce the respective 
commodities. While other factors enter into building repair decisions, the 
amount of repairs basically depends on the quantity and age distribution of 
the buildings. Trend variables are also included as explanatory variables 
to pick up the slowly moving influences on real estate expenses. 
Variable definitions 
The variables used in the real estate function are: 
i-RE^  The sum of interest charges on land and farm buildings and 
depreciation, repairs and maintenance on farm buildings, for 
the i-th commodity where i « L (livestock), FG (feed grains), 
W (wheat), S (soybeans), C (cotton) and T (tobacco). The 
variable is expressed in millions of 1947-49 dollars. 
i-VALA^  The value of land and buildings used to produce the i-th 
commodity (i • L, FG, W, S, C, T) in millions of 1947-49 
dollars. 
TIME A trend variable with 1.0 for 1930, 2.0 for 1931,...,38.0 for 
1967. 
TIME**.5 The square root of the TIME variable. 
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Estimated equations 
The estimated real estate equations by commodity groupings are; 
Livestock 
L-RE. « 366.672 + .0434 L-VALA+ + 8.1235 TIME 
(.0011) (.8990) 
ATS-2 p » -.3260 d » .619 = .996 MSE • 999.379 
(.0844) 
Feed grains 
FG-RE « 2.820 + .0510 FG-VALA+ 
(.0009) 
ALS p - .8746 d • 2.01 R^  - .997 MSE « 108.84 
(.0892) 
Wheat 
W-RE. « 15.362 + .0495 W-VALA+ + 2.9174 TIME** .5 
(.0015) (1.1360) 
ATS-1 d » .53 r2 » ,988 MSE » 48.537 
Soybeans 
S-RE+ • -.9873 + .0502 S-VALA+ + .2593 TIME 
(.0002) (.0273) 
ATS-2 p = -.0660 d » .98 r2 = .999 MSE = .521 
(.0192) 
Cotton 
C-RE • 14.656 + .0498 C-VALA. 
(.0010) 
ATS-1 d = .562 r2 - .989 MSE » 34.292 
Tobacco 
T-RE » 7.129 + .0586 T-VALA + 4.2802 TIME**.5 
(.0059) (1.8718) 
ATS-2 p « .3775 d = 1.15 R^  » .973 MSE « 28.226 
(.0590) 
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The coefficients of determination are all above .97 indicating that 
the equations statistically fit the data very well. The low Durbin-Watson 
d statistics suggest that the first-order autoregressive error structure 
assumed in the autoregressive two-stage least squares techniques may not 
be correct. The added computational burdens prevented us from estimating 
the equations assuming higher than first-order error structures. 
Fuel, Oil and Repairs Expense 
Fuel, oil and repairs expense along with interest and depreciation on 
machinery measure a flow of services from machinery stock. It is this flow 
of services that is used in commodity production via a production function. 
Interest and depreciation charges are largely dependent on the machine 
inventory as indicated earlier. Similarly, machinery stocks and machinery 
operating inputs are highly complementary. 
The fuel, oil and repairs expense equations are considered to be a 
function of average stock of machinery variables, the past year price of 
motor supplies, slowly moving influences represented by a trend variable 
and acreages. 
Variable definitions 
The variables used in the fuel, oil and repairs equations are* 
i-FOR^  The annual purchases of fuel, oil, lubrication and repairs 
used on machinery to produce the i-th commodity where i = L 
(livestock), FG (feed grains), W (wheat), S (soybeans), 
C (cotton) and T (tobacco) deflated by the index of motor 
supplies (1947-49 • 100). The resulting variables are in 
144 
millions of 1947-49 dollars. A t-1 subscript indicates a 
one year lag in the variable. 
i-MSTKAVE^  The average of beginning and ending calendar year machinery 
stock for the i-th commodity (1 = L, FG, W, S, C, T) expressed 
in millions of 1947-49 dollars. 
US-MSPI^ _2 The past year index of the price of motor supplies (1947-49 
« 100) deflated by the implicit GNP deflator (1947-49 » 100), 
TIME A trend variable with 1.0 for 1930, 2.0 for 1931,...,38.0 for 
1967. 
W-AC^  Millions of acres of wheat. 
Livestock 
The estimated fuel, oil and repairs equation for livestock is* 
L-FOR. « 226.23 + .0128 L-MSTKAVE. - 1.4906 US-MSPI. , 
* (.0269) * (.6245) 
+ .7905 L-FOR+ ,. 
(.1302) 
2as d » 2.38 « .990 MSE « 251.0 
The explanatory variables account for 99 percent of the variation in 
livestock operating expense. The coefficients have the expected signs. 
The estimated short-run elasticity of machinery operating expense with 
respect to its own price (lagged one year) is -.52. The adjustment coef­
ficient estimate obtained by subtracting the coefficient of L-FOR^  ^  from 
1 is .21. The long-run elasticity of demand calculated by dividing -.52 
by .21 is -2.49. 
Results from autoregressive two-stage least squares runs suggest that 
the equation errors are nonautocorrelated. 
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Feed grain# 
The estimated equation for feed grain machinery fuel, oil and repairs 
expense ist 
FG-FOR* « 30.864 + .1043 FG-MSTKAVE.. 
(.0311) 
ALS p - .9242 d » 2.08 R2 « .977 MSE « 1,426.0 
(.0468) 
The average stock of machinery variable picks up 97 percent of the 
variance about the mean of the fuel, oil and repairs expense variable. 
Including the motor supplies price index did not increase the value 
appreciably and its coefficient was not significantly different from zero. 
The residuals of the untransformed data were positively autocorrelated 
to a considerable degree. The first-order autoregressive transformation 
provided by the ALS autocorrelation coefficient estimate of .924 increased 
the d statistic from .22 in the least squares fit to 2.08. Estimates from 
the simultaneous estimation procedures with the first-order autoregressive 
assumption did not perform as well in the simulation model as the ALS 
estimates. 
Wheat 
The estimated equation for wheat fuel, oil and repairs expense is: 
W-FOR+ » 200.412 - 2.5492 US-MSPI. , + .1225 W-MSTKAVE. 
* (.4073) (.0197) * 
+ 1.7601 W-ACx. 
(.3508) 
ATS-2 p « .2435 d " 1.74 r2 « ,976 MSE - 205.62 
(.1399) 
The coefficients of the explanatory variables carry the expected sign 
and are over 5 times larger than their respective standard errors. 
146 
At the variable means, the estimated elasticity of fuel, oil and 
repairs expense with respect to lagged motor supply price is -1.46. 
The autocorrelation coefficient is significant at only the ,1 proba­
bility level but the estimated equation using the ATS-2 procedure did 
better in the simulation model than the equation estimates from the other 
simultaneous procedures. 
Soybeans 
The estimated soybean fuel, oil and repairs function 1st 
S-FOR+ - 46.694 - .3511 US-MSPI+ , + .1240 S-MSTKAVE. 
 ^ (.1224) (.0242) * 
+ .2974 S-FOR^  ,. 
(.1487) t-1 
2SLS d « 2.05 • .995 MSE » 35.296 
The elasticity of soybean machinery operating expenses with respect to 
the lagged price of machinery supplies is estimated at -.45. The compara­
ble long-run elasticity is -.64. The primary determinant of fuel, oil and 
repairs expense is the average stock of machinery. The ratio of the 
machinery stock coefficient to its standard error is 5.12. 
The equation fits the data very well as indicated by the .995 
value. No evidence of autocorrelated errors was detected by the d statis­
tic or the simultaneous autoregressive techniques. 
Cotton 
The estimated equation for cotton fuel, oil and repairs expense ist 
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C-FOR. • 263.83 - 2.5507 US-MSPI+ , + .2540 C-MSTKAVE. - 3.2415 TIME 
* (.9283) (.0735) (1.2877) 
+ .0963 C-FOR. , . 
(.2019) 
ALS p « .2734 d = 2.18 R2 « .885 MSE « 447.40 
(.2444) 
The coefficients of all the explanatory variables are significant at 
the .01 probability level except the coefficient of the lagged dependent 
variable. Least squares and two-stage least squares equation estimates 
yielded a significant coefficient for C-F0Rj._2. The lagged dependent 
variable was probably picking up some autocorrelation in the errors. Esti­
mates from the two-stage autoregressive techniques did not perform well in 
the model. Thus, the ALS estimates were used. 
The estimated short-run elasticity of cotton machinery operating 
expense with respect to the lagged price of motor supplies is estimated to 
be -1.91. 
Tobacco 
The estimated tobacco fuel, oil and repairs function is* 
T-FOB. » 45.644 - .6898 US-MSPI. , + .4251 T-MSTKAVE. - 1.0043 TIME. 
(.3953) (.1084)  ^ (.5429) 
ATS-2 p « .5289 d • 2.01 R2 « .907 MSE = 52.699 
(.1462) 
The coefficient for the average stock of machinery is nearly 4 times 
larger than its standard error. The estimated short-run elasticity of 
tobacco machinery operating expense with respect to the lagged price of 
motor supplies is -1.57. 




Those inputs which do not fit in the other input categories are lumped 
into miscellaneous expense. For crops, this category includes expenditures 
for small hand tools and other hardware items, binding materials, electric­
ity, telephone, blacksmith services and pesticides. In addition, miscel­
laneous inputs for livestock include veterinary services and medicine, 
dairy supplies, milk hauling and marketing charges. 
Many of the inputs in this category depend on the level of fixed 
assets. Thus, the stock of physical assets is included in the demand func­
tions along with the lagged price of farm supplies and a trend variable. 
One of the trend variables used in this section shifts the demand function 
increasingly to the right between the years 1961 and 1967. Much of this 
shift is due to the increased use of pesticides during this period. Pre-
emergence and post-emergence herbicides were being applied by more and more 
farmers during the sixties. Insecticides and other chemicals also were 
being used in greater quantities. 
Variable definitions 
The variables used in miscellaneous expense equations are: 
i-MISC^  Purchases of miscellaneous inputs for use in the production of 
the i-th commodity where i • L (livestock), FG (feed grains), 
W (wheat), S (soybeans), C (cotton) and T (tobacco) expressed 
in millions of 1947-49 dollars. A t-1 subscript indicates a 
one year lag for the variables. 
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The estimated miscellaneous expense equation for livestock is; 
L-MISC+ « 168.1829 + .0169 L-SPA. - 5.3965 US-FSPI. , + 18.1500 TM61 
(.0020) (1.6277) " (7.2887) 
+ .1712 L-MISC+_j. 
(.1033) 
ALS p « .4253 d • 1.78 » .993 MSE = 861.53 
(.1715) 
The explanatory variables explain 99 percent of the variation in 
livestock miscellaneous expense. The ratio of the coefficient for the 
stock of physical assets to its standard error is 8.50. The coefficient 
for the lagged index of farm supply prices is highly significant. The 
estimated short-run elasticity of miscellaneous expense with respect to the 
price index is -.68. The small coefficient value of the lagged dependent 
variable suggests that most of the adjustment in miscellaneous expenses to 
price changes occurs within one or two years. 
The autocorrelation coefficient, p, is significant at the .01 proba­
bility level. Equation estimates from the simultaneous methods did not 
perform as well in the simulation model as the ALS estimates. Thus, the 
ALS estimated equation was kept. 
The past year index of the price of farm supplies (1947-49 
• 100) deflated by the implicit GNP deflator (1947-49 • 100). 
A trend variable with 1.0 for 1961, 2.0 for 1962,...,7.0 for 
1967 and 0.0's elsewhere. 
A trend variable with 1.0 for 1930, 2.0 for 1931,...,38.0 for 
1967. 
The square of the TIME variable. 
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Feed grains 
The estimated feed grain miscellaneous expense equation is* 
FG-MISC. » 181.36 + .0099 FG-SPA. - 2.0179 US-FSPI+ , + 12.0770 TM61 
(.0017) (.6646) " (2.7266) 
+ .3018 FG-MISC^  ,. 
(.1298) t-1 
ATS-1 d - 2.47 R2 » .989 MSE = 220.93 
The coefficients of all the explanatory variables are significant at 
the .01 probability level. The coefficient of the stock of physical assets 
is nearly 6 times larger than its standard error. The estimated short-run 
elasticity of miscellaneous expense with respect to its own price lagged 
one year is -.72. Dividing the short-run elasticity by the adjustment co­
efficient (1.0 - .30 * .70) yields a long-run elasticity estimate of -1.03. 
Wheat 
The wheat miscellaneous expense equation is: 
W-MISC. » 115.79 + .0111 W-SPA. - 1.0869 US-FSPI. . + 5.5460 TM61 
(.0020) (.2384) (1.1261) 
+ .2447 W-MISC. ,. 
(.1380) 
ATS-1 d - 2.21 » .984 MSE » 38.138 
Again, the average stock of physical assets variable is an important 
determinant of wheat miscellaneous expense. The short-run price elasticity 
of the demand estimate for wheat miscellaneous expense calculated at the 
variable means is -1.05. The comparable long-run elasticity is -1.39. The 
small coefficient for W-MISC^  ^  and, hence, large adjustment coefficient, 
suggests that most of the adjustment in wheat miscellaneous expense in 
response to price changes is made in one or two years. 
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Taken together, the explanatory variables explain 98 percent of the 
variation about the mean of wheat miscellaneous expense. 
Soybeans 
The estimated soybean miscellaneous expense equation is* 
S-MISC^  « 23.533 + .0045 S-SPA. - .2005 US-FSPI. , + 6.4273 TM61 
 ^ (.0019)  ^(.1921) (1.6981) 
+ .6211 S-MISC+ ,. 
(.1551) 
2SLS d » 2.42 « .994 MSE « 17.510 
The absolute value of the explanatory variables' coefficients are all 
over twice their respective standard errors except for US-FSPI^  As is 
true for the other soybean inputs, there is a strong time trend in the 
miscellaneous category of inputs. The nonprice variables exhibit a similar 
trend and, thus, explain changes in demand rather well. 
Results from the autoregressive two-stage techniques give no indica­
tion of autocorrelated disturbances. 
Cotton 
The miscellaneous expense equation for cotton is% 
C-MISC » 259.90 - 2.4631 US-FSPI. , + 4.3290 TIME - .1064 TIME**2 
 ^ (.6683) (.9461) (.0304) 
+ .0350 C-SPA.. 
(.0024) 
ATS-1 d « 1.63 R^  - .941 MSE « 214.15 
The ratio of the coefficient of the stock of physical assets to its 
standard error exceeds 14. The coefficient to standard error ratios for 
the other variables are all above 3. The elasticity of cotton miscellan­
eous expense with respect to the lagged price of farm supplies is very 
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close to unity (in absolute value) at -1,02. The elasticity with respect 
to the asset stock variable Is .8. Thus, a 10 percent Increase in the 
cotton stock of physical assets increases miscellaneous input demand by 
8 percent. 
Tobacco 
The estimated tobacco miscellaneous expense function is: 
T-MISC+ = 58.755 + .0252 T-SPA+ - .8938 US-FSPI+ 
(.0025) (.0880) 
ATS-2 p « .3586 d « 1.32 - ,972 MSE « 11.478 
(.0852) 
The tobacco asset stock variable and lagged price of farm supplies 
variable account for over 97 percent of the variation about the mean of 
tobacco miscellaneous expense. The short-run elasticities with respect 
to these two variables are .96 and -1.63 respectively. 
The first-order autocorrelation coefficient is significant at the .01 
probability level. The Ourbin-Watson d statistic calculated from residuals 
from the ATS-2 estimated equations falls in the inconclusive range. 
Interest on Commodity Stocks 
The averages of beginning and ending calendar year farm stocks are 
used to estimate the interest charges on farmer held commodity inventories. 
The definitions of the variables used for the commodity interest 
equations and the estimated equations appear in the following subsections. 
Variable definitions 
Data for the period 1930 to 1967 were used for the following variables 
to estimate the interest equations: 
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i-INT^  The interest charge on farmer held inventories of the i-th 
commodity where i • L (livestock), FG (feed grains), 
W (wheat), S (soybeans), C (cotton) and T (tobacco) expressed 
in millions of 1947-49 dollars. 
i-STKAVE^  The average of beginning and ending calendar year inventories 
for the i-th commodity (i • L, FG, W, S, C, T). 
Estimated equations 
The estimated interest on commodity stock equations are presented 
below. The coefficient standard errors appear in parentheses below the 
coefficient estimates. The estimation method, the autocorrelation coef­
ficient and its standard error if applicable, the Durbin-Watson d statis­
tic, the value and the mean square error are given for each equation. 
Livestock 
L-INT. « 46.878 + .0563 L-STKAVE. 
(.0030) 
ATS-2 p - .3134 d - 1.45 - .958 MSE « 421.71 
(.1484) 
Feed grains 
FG-INT*. - 3.6203 + .0622 FG-STKAVE* 
(.0019) 
ALS 0 " -.5441 d • 2.14 » .936 MSE « 403.15 
(.1442) 
Wheat 
W-INT. « -.5146 + .0623 W-STKAVE. 
(.0048) 
2SLS d - 2.34 r2 « .852 MSE • 22.75 
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Soybeans 
S-INT+ « -.0881 + .0597 S-STKAVE+ 
 ^ (.0014) 
ATS-2 p = -.2187 d » 2.63 R2 « .975 MSE = 7.7814 
(.1275) 
Cotton 
C-INT+ » .03 + .0629 C-STKAVE+ 
(.0081) 
2SLS d • 2.55 = .705 MSE - 25.695 
Tobacco 
T-INT. • -.193 + .0640 T-STKAVE 
* (.0036) t 
ATS-2 p » -.3645 d = 2.16 = .854 MSE = 3.331 
(.1335) 
Real Estate Taxes 
Real estate taxes are calculated by multiplying the value of land and 
buildings used in the production of a commodity times the respective tax 
rate. The real estate tax expense in millions of 1947-49 dollars is 
symbolized as i-RETX where i * L, FG, W, S, C, and T which are the commod­
ity abréviations. The value of land and buildings expressed in millions 
of 1947-49 dollars is represented by i-VALA^  for the i-th commodity. The 
real estate tax rate for the i-th commodity is symbolized by i-TXRT^ . The 
tax rate has been converted from 1947-49 dollars of tax per thousand 
1947-49 dollars of real estate value to 1947-49 dollars of tax per 1947-49 
dollar of real estate value. 
The real estate identities are, 
L-RETX^  - L-VALA^  * L-TXRT^  
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FG-RETX^  « FG-VALA^  * FG-TXRT^  
W-RETX^  « W-VALA^  * W-TXRT^  
S-RETX^  « S-VALA^  * S-TXRT^  
C-RETX^  = C-VALA^  * C-TXRT^  
T-RETX^  » T-VALA^  * T-TXRT^ . 
Summary 
The equations presented in this chapter are used to estimate input 
usage for each of the commodities included in the model. The simulation 
model uses variable values determined earlier in the current pass through 
the equations, and variable values generated during the previous pass 
through the model equations to aid in determining the input demands. To 
estimate commodity outputs based on simulated input demand levels, commod­
ity production functions must be incorporated into the simulation model. 
The estimation of the production functions is explained in the following 
chapter. 
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CHAPTER VII. PRODUCTION FUNCTIONS 
Chapter V contained the estimated relations for what have been called 
pre-input variables for each commodity submodel. The variables are termed 
pre-input becuase the estimated variable values are used to help determine 
the levels of input-use for the respective commodities in the simulation 
model. In Chapter VI the input equations were presented for each commodity 
group. The input categories include labor, current operating expenses, 
and interest and depreciation charges on durable inputs such as land and 
machinery. That is, input measures that might logically appear in produc­
tion functions. The task of this chapter is to empirically derive those 
production functions. 
An obvious approach to estimating parameters of an aggregate produc­
tion function would be to regress production on the nine input variables. 
Assuming a production function such as 
PROD » aFERT^ l SEED^ 2 LABR^ 3 MACH^  ^RE^ S FOR^ G MISC^ ? INT^ S RETX^ 9 
where PROD is production and the inputs are as defined in the last chapter, 
least squares estimates of the b^  could be obtained. While production may 
be predicted satisfactorily, multicollinearity in the input series may be 
so great as to render the structural coefficients meaningless. The relia­
bility of the parameter estimates could be enhanced somewhat by regressing 
output on broadly aggregated input categories. The multicollinearity 
problem may be reduced but the information on the effects of particular 
inputs on production would not be available, 
Another approach is to use factor shares as estimates of production 
elasticities. This method circumvents the least squares problems of 
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multicollinearity and thus permits the inclusion of more input categories. 
However, the factor share approach does have a serious limitation. Factor 
shares are valid estimates of production elasticities only if economic 
equilibrium prevails. An approach has been suggested by Tyner and Tweeten 
(134) which relaxes the economic equilibrium assumption by applying an 
adjustment model to the factor shares. The new assumption is that the 
employment of a factor tends toward the economic equilibrium position. 
Factor Shares and Production Elasticities 
From economic theory we know that, in equilibrium, the marginal value 
product of each input, X^ , equals its price, P^ , or 
•"y ij- " "i (7-1) 
where Y is production and Py is the price of Y. Alternatively (7.1) can 
be written as 
BY Pt 
SET " T;- (7-2) 
That is, the marginal product of is equal to the factor-product price 
ratio. Now we multiply both sides of equation (7.2) by X^ Y"^  to obtain 
The left side of (7.3) is by definition the partial elasticity of produc­
tion with respect to X^ . The right hand side, the ratio of expenditure on 
input Xj^  to the value of output, is by definition the factor share for 
input X^ . Thus, in equilibrium, the factor share is equivalent to the 
elasticity of production. Farmers, however, do not in general employ 
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resources at their equilibrium level. Capital restrictions, risk, imper­
fect knowledge, institutional restrictions, and psychological resistance 
to change cause farmers to adjust resource-use less than instantaneously 
to their equilibrium levels. In view of this, we now assume that the 
employment of each factor, while not at the equilibrium level, is contin­
ually adjusted toward equilibrium. Defining as the current factor 
share for the i-th input, this notion can be formalized as an adjustment 
model such as 
= g(E^ - S^^). (7.4) 
In (7,4) is the current equilibrium factor share and g is the 
proportion of adjustment to the equilibrium made in one time period. 
Assuming that producers are attempting to reach maximum efficiency, 
least squares can be used to estimate E^ . Denoting the left side of (7.4) 
as àS^  and gE of the right side as F and adding an error term u^ , equation 
(7.4) becomes 
" F - gS^_j + u^. 
The estimate for E^  is obtained as the ratio of the least square estimates 
of F, the intercept term, and g, the coefficient of 
The adjustment model in (7.4) assumes that equilibrium elasticity E^  
remains constant over the time period under analysis. Given the rapid 
rate of technological change in agriculture over the more than 30 years 
considered in this study, it is likely that E^  has changed considerably. 
In view of this, a set of dummy variables was constructed to permit the 
elasticity of production to change. The final model used to estimate the 
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production elasticities was 
3 
AS^  - g(E' + d^ Dj - + u^  (7.5) 
where 0^  is 1.0 for each year 1930-39, zero elsewhere, 
0^  is 1.0 for each year 1940-49, zero elsewhere, 
Dg is 1.0 for each year 1950-58, zero elsewhere. 
The values for d^  allow E to vary between time periods. E' is the esti­
mate of E for the last period of years, 1959-67. The estimates for the 
other periods are 
1^930-39 " ^  1^930-39* 
The model was also formulated using the factor share data in loga­
rithms. The equation to be estimated then becomes 
3 
log Sj. - log St_i » g[(log E' + E - log + u^ . (7.6) 
i«l 
In this formulation, the ratio of to is adjusted to the ratio 
of the Ej^  (where i represents the periods) to in accordance with esti­
mated elasticity of adjustment, g. Hence, a proportional change is assumed 
rather than an absolute change in the factor share toward the equilibrium 
point Ej. 
Estimated Production Elasticities 
Production elasticities for Cobb-Douglas type production functions 
were estimated for feed grains, wheat, soybeans, cotton and tobacco. The 
estimated production functions are used in the simulation model to predict 
crop output. This is done by using predictions from the input equations as 
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data in the production functions. Thus, each production function must 
contain a partial production elasticity for each of the inputs estimated 
in the "input section" of the model. Those crop input expense categories 
are* fertilizer and lime, seed, labor, machinery (interest and deprecia­
tion), real estate (interest on real estate investment plus building depre-
iation, repairs and maintenance), machinery fuel, oil and repairs, miscel­
laneous, interest on inventories, and real estate taxes. 
For use in the calculation of factor shares, data on monoperiod oper­
ating inputs are expressed in current dollar cost. Similarly, costs of 
using polyperiod or durable inputs such as land and machinery are measured 
as the current dollar depreciation and opportunity interest charges neces­
sary to maintain these inputs at their current level. The current year 
hired labor wage rate is assumed for family as well as hired labor. Hence, 
no input takes a residual return, but rather is valued at its actual or 
opportunity cost. 
The factor shares were calculated for each commodity by dividing the 
annual expense estimate by the respective commodity's value of production. 
The value of production was calculated as the product of commodity produc­
tion and its price in current dollars. Data for the years 1930 to 1967 
were used in the calculations. Appendix B contains the data used to derive 
the factor share estimates. 
Model ( 7.5) using data in original observations and Model (7.6) with 
data in logarithms were estimated for each of the input categories of the 
respective crops. Since autocorrelated error terms were anticipated, both 
models were also estimated with the autoregressive least squares technique. 
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In all cases the autocorrelation coefficient was not significantly differ­
ent from zero. The model using log data gave the highest values and 
the estimated elasticities performed better in the simulation analysis 
than the estimated relations using data in original values. 
The estimated production elasticities of the nine input categories 
used in the production functions for each of the five crops are given in 
Table 11a. Tobacco seed expense was included in the miscellaneous category 
so no separate production elasticities appear for tobacco seed. 
The labor elasticity of production has declined between 1930-39 and 
1959-67 for all crops. The cotton labor elasticity of production decreased 
from .599 during the 1930-39 period to .227 during the 1959-67 peri f,. 
Between these time periods labor production elasticity declined from ,?87 
to .065 for feed grains, .169 to .068 for wheat, .119 to .071 for soybeans, 
and ,386 to .308 for tobacco* During the 37 year period, the productivity 
estimates of fertilizer, machinery, fuel, oil and repairs have increased 
in the production of feed grains, wheat and soybeans. Fertilizer elastic­
ity of production shows a decline for cotton and tobacco; crops that have 
historically had high fertilization rates. The productivity estimates for 
seed have declined from 1930-39 to 1959-67 except for feed grains. Due to 
the interdependence in the productivity of seed and other inputs such as 
fertilizer, part of the seed productivity changes may be confounded with 
productivity estimates of the other inputs. The estimated productivity of 
interest on crop inventories has declined for cotton and tobacco from 1930 
to 1967 and remained relatively constant for the other crops. The real 
estate elasticities of production for the four periods exhibit a u-shape. 
Table lia. Estimates of production elasticities for feed grains, wheat, soybeans, cotton and 
tobacco for selected periods 
Crop and Real Fuel, oil. Real estate 
period Fertilizer Seed Labor Machinery estate repairs Misc. Int. tax 
Feed grains 
1930-39 .03243 .03939 .28743 .20900 .24063 .14243 .06989 .04776 .05665 
1940-49 .04486 .03434 .18963 .12227 .10796 .11465 .03860 .04002 .01880 
1950-58 .08321 .03903 .12936 .26726 .17451 .18028 .06271 .04156 .03357 
1959-67 .13257 .03479 .08478 .26219 .29539 .15898 .10000 .04558 .05673 
Wheat 
1930-39 .03327 .10712 .16947 .12740 .24783 .11129 .07631 .02159 .05353 
1940-49 .02755 .06657 .11183 .07586 .10996 .09281 .04091 .02159 .01896 
1950-58 .04563 .06706 .07606 .15052 .15638 .13657 .06014 .01996 .02826 
1959-67 .07591 .05735 .06768 .20694 .27100 .16005 .10491 .02148 .04729 
Soybeans 
1930-39 .00760 .12419 .11918 .14939 .18878 .10507 .10876 .01631 .04679 
1940-49 .00807 .07615 .07965 .09074 .08768 .08866 .03608 .01777 .01557 
1950-58 .01716 .07046 .07110 .20449 .14599 .14698 .04724 .01987 .02601 
1959-67 .02292 .05864 .07099 .23030 .21233 .14771 .06874 .02165 .03606 
Cotton 
1930-39 .08028 .02930 .59900 .08157 .29961 .10179 .23047 .01381 .05439 
1940-49 .04843 .01850 .43399 .05491 .11398 .09420 .11888 .00704 .01284 
1950-58 .05498 .01319 .30093 .07483 .14163 .09426 .12674 .00687 .01521 
1959-67 .06529 .01298 .22691 .09111 .25292 .10004 .19043 .00935 .02545 
Tobacco 
1930-39 .06041 a .38559 .01978 .28661 .06364 .09763 .02981 .03977 
1940-49 .04570 ..a .34342 .01386 .13224 .06521 .05163 .01654 .01065 
1950-58 .03709 _a .32368 .02045 .16542 .06384 .06375 .00890 .01362 
1959-67 .03034 _a .30764 .02079 .20103 .05518 .07527 .01006 .01599 
*Seed expense for tobacco is included in the miscellaneous category so no production elasticities 
for tobacco seed were calculated. 
163 
The elasticities are similar for the 1930-39 and the 1959-67 periods but 
dip sharply during the forties and rise somewhat in the 1950-58 period. 
The lower elasticities for the middle periods could suggest that the real 
estate inputs were underestimated during these years (132). The estimated 
productivities of machinery, fuel and machinery operating expenses, miscel­
laneous expense, and real estate taxes also declined during the 1940-49 
period. Due to the scarcity of Inputs and the high crop prices during the 
forties, factor share estimates may have underestimated input productiv­
ities during the period. 
Production Function Constants 
In the last section, estimates of partial input elasticities of pro­
duction were imputed from factor shares. These estimates provide hypoth­
esized values for the b^ 's in a Cobb-Oouglas production function such as 
PROD • aFERT^  ^SEED^ Z LABR^ 3 RE^ S FOR''^  WISC^ ? INT^  RETX^ S" 
(7.7) 
where PROD is production and the capital symbols on the right of the equa­
tion are inputs as defined in the last chapter. Hence, b^  ^is the elastic­
ity of production for fertilizer derived from fertilizer factor share data, 
PERT is the quantity of fertilizer, etc. Given estimates of the bj's and 
input levels, only an estimate of a is needed to make (7.7) an operational 
input-output relationship. 
To simplify notation let the inputs in (7.7) be designated as Xj 
where i • 1,...,9. Now we collapse the information on the input levels and 
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their production elasticities into one variable by defining 
Z « n 
i«l 
Equation (7.7) is rewritten as 
PROD « aZ. (7.8) 
To estimate the a-value we must add a disturbance term to (7.8). The 
error term may be additive or multiplicative. If additive assumption is 
used, the equation to be estimated is 
PROD • aZ + e. (7.9) 
The least squares estimate of the a-value is given by ^  • T (PROD)(Z)/CZ^ , 
If the multiplicative assumption is used, the equation is 
PROD » aZe. (7.10) 
Taking logarithms of both sides, the least squares estimate of a becomes 
 ^- antilog [l/T(Z log PROD - 7 log Z)]. 
Table lib gives the a-value estimates under the additive and multi­
plicative error assumptions. Initially, we were going to select the equa­
tion that gave the higher R2 value. The r2 values for the additive and 
multiplicative cases were nearly identical for each of the production 
functions. Furthermore, the R^  values were all above .98 and most were 
.99. The constant terms were then selected on the basis of preliminary 
runs of the simulation model. The starred estimates in Table 12 were used 
in the simulation model production functions. 
The estimated a-values for the 1940-49 and 1950-58 periods are, in 
general, larger than the estimates for the first and last periods. The 
lower input productivity estimates obtained for the middle periods explain 
the larger constant terms for those periods. 
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Table lib. Estimated constant terms for production functions for feed 
. grains, wheat, soybeans, cotton and tobacco under additive 
and multiplicative error assumptions, selected periods" 
Crop and Additive Multiplicative 
period error error 
Feed grains 
1930-39 .06498 .06320* 
1940-49 1.07778* 1.07102 
1950-58 .15513* .15434 
1959-67 .06593» .06600 
Wheat 
1930-39 7.10964 6.97984* 
1940-49 59.12276* 58.53857 
1950-58 22.26926 22.03056* 
1959-67 5.51202 5.51658* 
Soybeans 
1930-39 7.14531 5.83512* 
1940-49 30.84373* 29.32256 
1950-58 13.47182* 13.03543 
1959-67 7.49232* 7.56223 
Cotton 
1930-39 .00123 .00126* 
1940-49 .04569 .04502* 
1950-58 .10002* .10040 
1959-67 .06230* .06211 
Tobacco 
1930-39 11.75250* 11.72475 
1940-49 45.80891* 45.63873 
1950-58 49.63367 49.47014* 
1959-67 48.58644* 48.32600 
*The constant terms used in the production functions that appear in 
the simulation model are starred. 
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CHAPTER VIII. OUTPUT EQUATIONS 
This chapter contains the remaining equations in the output sections of 
the commodity submodels. The set of production functions for each crop 
appears as the first relations in the output section of the submodel for 
the corresponding crop. These production functions, which were explained 
in the last chapter, use either directly or indirectly all of the infor­
mation generated in the pre-input and input sections of the respective 
crop's submodel. The remaining output equations in each crop submodel 
derive an estimate of crop supply, estimate the average crop price, allo­
cate the crop supply to the various demand categories and calculate an 
estimate of gross income for the crop. 
The output section for the livestock submodel is structured differ­
ently from the output sections of the crop submodels. The first relation 
in the livestock output section estimates the number of livestock produc­
tion units on farms. The second equation estimates the supply of livestock 
products reaching the market as measured by the index of livestock market­
ings. These two equations appear in place of the production functions and 
supply relations in the crop output sections. Price and gross income equa­
tions complete the livestock output section. 
The equations which estimate livestock production units and livestock 
marketings are presented in the next two sections of this chapter. Sec­
tions in the remainder of the chapter contain supply identities, price 
functions, commercial demand equations, commercial inventory equations, 
government inventory equations, export equations and gross income equa­
tions. 
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Livestock Production Units 
The number of livestock production units fed is hypothesized to be a 
function of the preceding year price of feed grains, time, and the number 
of livestock productions on feed the preceding year. The lagged price of 
livestock and the lagged supply of feed grains were tried unsuccessfully 
as explanatory variables. These variables probably do influence the number 
of livestock production units fed but we were unable to statistically iso­
late those influences. The specification finally selected to estimate 
livestock production units should probably be viewed as a predictive rather 
than a structural equation. 
Variable definitions 
The variables used in the equation to estimate livestock production 
units fed are; 
L-LPU^  Millions of livestock production units fed (based on concen­
trates) during the feed year October 1 to September 30. 
FG-PR^ _j The past year price of feed grains in dollars per ton deflated 
by the implicit GNP deflator. 
TIME A trend variable with 1.0 for 1930, 2.0 for 1931,...,38.0 for 
1967. 
Estimated equation 
The estimated relation to predict livestock production units fed is: 
L-LPU. - 37.998 - .0795 FG-PR. , + .6591 TIME + .7390 L-LPU. ,. 
 ^ (.0999) (.2695) (.1113) 
LS d » 1.40 r2 « .936 MSE = 54.903 
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Many specifications were tried to estimate L-LPU and all were disap­
pointing. The coefficients of the explanatory variables for the selected 
equation have the correct sign but the coefficient for the feed grain price 
variable is statistically insignificant. The equation was kept, however, 
to link the feed grain sector (with a one year lag) to the livestock sec­
tor, even though the linkage is very weak. 
Livestock Marketings 
The volume of livestock and livestock products marketed is estimated 
in this study as a function of the number of livestock production units 
fed and the volume of past year marketings. The symbol L-MKT^  denotes 
the current year index of livestock marketings (1947-49 ® 100) and a t-1 
subscript represents a one year lag of the variable. The number of live­
stock production units in millions is represented by L-LPU^ . The estimated 
relation ist 
L-MKT+ « -30.325 + .4038 L-LPU. + .6255 L-MKT. ,. 
* (.1008)  ^(.1005) 
2SLS d « 1.99 » .980 MSE « 16.48 
The coefficients for both L-LPU^  and L-MKT^ j^ are significant at the 
.01 probability level. The two explanatory variables explain 98 percent 
of the variance about the mean of the livestock marketings variable. 
Supply Identities 
The supply of each crop is defined as the sum of production, carry-
in stocks and, except for tobacco and soybeans, imports. The data on the 
supply variables are for crop years. The crop year for feed grains, 
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soybeans and tobacco begins October 1, wheat's crop year starts July 1, and 
cotton's crop year begins August 1. 
Variable definitions 
The supply identities contain the following variables; 
i-SPY^  The crop year supply of the i-th crop where i = FG (feed 
grains), W (wheat), S (soybeans), C (cotton) and T (tobacco). 
The units of measure are millions of tons for feed grains, 
millions of bushels for wheat and soybeans, millions of bales 
for cotton and millions of pounds for tobacco. 
i-PROD^  The current year production of the i-th crop (i = FG, W, S, 
C, T). The units of measure are millions of tons for feed 
grains, millions of bushels for wheat and soybeans, millions 
of bales for cotton and millions of pounds for tobacco. 
i-GINV^  ^  Government inventory at the end of the last crop year 
(beginning inventory for the current crop year) for the i-th 
crop (i » FG, W, C). The units of measure are the same as for 
production, 
i-CINV^  ^  Commercial inventory at the end of the last crop year 
(beginning inventory for the current crop year) for the i-th 
crop (i * FG, W, S, C, T). The units of measure are the same 
as for production. 
i-IMP^  Imports of the i-th crop (i " FG, W, C) during the crop year. 
The units of measure are the same as for production. 
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Identities 
The supply identities are: 
FG-SPY^  = FC-PROD^  + FG'oINV^ _j + FG-CINV^ _j + FG-IMP^  
W-SPY^  - W-PRODi + W-GINV^  , + W-CINV^  , + W-IMP^  
t t t-1 t-i t 
S-SPY^  = S-PROD^  + S-CINV^ _j 
C-SPY^  = C-PROD^  + C-GINVt_i + C-CINV^ _^  + C-IMP^  
T-SPY^  = T-PRODi + T-CINV. , 
t X t-i 
Price Equations 
The commodity price equations used in this study are based on a re­
cursive interpretation of market forces. That Is, commodity production 
(which makes up most of the supply) is dependent on commodity price of the 
preceding year and other variables. Current price is largely dependent on 
the relative size of the predetermined current supply. The quantity de­
manded is a function of price. 
The relative size of current supply can be measured in relation to the 
quantity demanded for domestic and foreign use the preceding year. We 
postulate then, that an increase in current supply over last year's demand 
depresses price. Similarly, a reduction in current supply relative to 
last year's noninventory demand increases price. In this recursive frame­
work current price is a function of last year's price and the difference 
between current supply and last year's utilization. 
Other influences on price must be considered. The price support 
programs of the government have a direct influence on crop prices. In 
years of large crop output, the prices are supported at levels higher than 
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would otherwise have occurred and government stocks increase. In the 
reverse case, when crop production is low, accumulated government stocks 
are put on the market which hold prices at a lower level than would other­
wise have prevailed. Crop support rates and the associated government 
storage activities exert a stabilizing influence on prices. The support 
rates on prices are included as explanatory variables in the crop price 
functions. Crop prices tend to move in the same direction as their respec­
tive support prices. 
A dummy variable is included in some of the price functions to pick 
up the special influences of a war economy. 
Current livestock price is specified as a function of last year's 
livestock price, the volume of livestock marketings and per capita dispos­
able income. 
Variable definitions 
Annual observations from 1930 to 1967 on the following variables are 
used in the price relations: 
i-PR^  The average crop year price received by farmers for the i-th 
commodity where i = L (livestock), FG (feed grains), 
W (wheat), S (soybeans), C (cotton), and T (tobacco). The 
prices are deflated by the implicit GNP deflator (1947-49 = 
100). The units of measure are; 1947-49 • 100 index for live­
stock, dollars per ton for feed grains, dollars per bushel for 
wheat and soybeans and cents per pound for cotton and tobacco. 
A t-1 subscript denotes a one year lag in this variable. 
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The current year average support price for the i-th crop 
(i • CN (corn), W, S, C, T) deflated by the implicit GNP 
deflator (1947-49 = 100). The corn support price is used to 
indicate the support level for feed grains and is measured in 
dollars per bushel. The remaining support prices are measured 
in the same units as the respective price variables. The 
average support level for Upland cotton was used for cotton. 
The average Burley support rates were used for tobacco. 
The current crop year supply of the i-th crop (i = FG, W, S, 
C, T). The units of measure are millions of tons for feed 
grains, millions of bushels for wheat and soybeans, millions 
of bales for cotton and millions of pounds for tobacco. 
The sum of past crop year commercial demand and past crop year 
export demand for the i-th crop (i = FG, W, S, C, T). The 
units of measure are the same as for the supply variables. 
A dummy variable with 1.0 for the years 1942 to 1947 and 
0.0's elsewhere. 
A trend variable with 1.0 for 1930, 2.0 for 1931,...,38.0 for 
1967. 
The index of livestock marketings (1947-49 = 100). 
Average United States per capita disposable income in dollars 
deflated by the implicit GNP deflator (1947-49 = 100). 
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Livestock 
The estimated livestock price equation is: 
L-PR. » 13,856 - .8726 L-MKT. + .0640 US-PCDI. + .2432 L-PR. ,. 
(.2252)  ^(.0187)  ^(.1616) 
ALS p = .8042 d « 1.81 r2 - .890 MSE « 31.27 
(.1184) 
The regression coefficients of the explanatory variables have the 
anticipated signs. The coefficients of L-MKT^  and US-PCDI^  are significant 
at the .01 probability level and the L-PR^ .j coefficient is significant at 
the .1 level. 
Transforming the coefficient of the livestock marketing variable into 
an elasticity at the variable means indicates that a 10 percent increase in 
livestock marketings depresses livestock prices by 12.5 percent, ceteris 
paribus. 
Since L-MKT^  is a current endogenous variable, the simultaneous equa­
tion estimation techniques discussed in Chapter IV were applied. However, 
the single equation autoregressive least squares coefficient estimates gave 
the highest value, the lowest mean square error and performed the best 
in the simulation model. 
Feed grains 
The estimated feed grains price equation is: 
FG-PR. - 19.838 + 21.8219 CN-SPPR. - .2051 (FG-SPY. - FG-UTIL. ,) 
 ^ (3.0248) * (.0432) * 
+ 9.7044 WARDUMY. 
(2.9788) 
ATS-2 p » .0828 d » 1.46 R^  = .852 MSE « 27.701 
(.1567) 
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The explanatory variables explain 85 percent of the variation in 
feed grain prices. All the estimated variable coefficients are over 3 
times larger than their respective standard errors. 
The "elasticity of feed grain price" with respect to the corn support 
rate is estimated at the data means to be .59. Thus, a 10 percent increase 
in the corn support price is associated with a 5.9 percent increase in the 
price of feed grains, everything else the same. 
Wheat 
The estimated relation for wheat price is; 
W-PR. • .4584 + .1594 W-SPPR. - .0002 (W-SPY+ - W-UTIL. ,) 
 ^ (.0750)  ^(.0001)  ^
+ .6345 W-PR. ,. 
(.1296) 
2SLS d = 1.52 r2 = .681 MSE = .057 
The short-run "elasticity of wheat price" with respect to the wheat 
support price is estimated at .12. The comparable long-run elasticity 
estimate, obtained by dividing .12 by the adjustment coefficient (l.O -
.63) is .34. 
The autoregressive two-stage least squares techniques indicated no 
autocorrelation in the errors. 
Soybeans 
The estimated soybean price equation is: 
S-PRx » 1.233 + .3324 S-SPPR+ + .3858 WARDUMY 
(.1333) (.2213) 
- .0015 (S-SPY. - S-UTIL. ,) + .0280 S-PR. .. 
(.0007)  ^ (.3167) t-1 
ALS p = .2107 d • 2.06 R2 = .729 MSE = .088 
(.3725) 
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The explanatory variables account for 73 percent of the variation 
about the mean of the soybean price variable. The estimated short-run 
"elasticity of soybean price" with respect to soybean support price is ,24, 
The ALS coefficient estimates predicted the observed values better 
than estimates from the other estimation methods. The values were all 
below .68 for the other estimation techniques. The ALS estimates also 
performed much better in the simulation model. 
Cotton 
The estimated cotton price equation is: 
C-PR. = 3.817 + .4519 C-SPPR. - .0126 (C-SPY. - C-UTIL. ,) 
 ^ (.1151)  ^(.2699)  ^
- .1598 TIME + .5689 C-PR. ,, 
(,0743) (.1501) 
ATS-1 d = 2.33 r2 - .753 MSE = 13,636 
The variable representing the difference between current cotton supply 
and lagged noninventory cotton demand was kept even though its coefficient 
was insignificant. In a number of the simulation runs, changes are made 
which result in increased cotton production. This increase in production 
influences price via the supply-lagged demand variable. 
The estimated "elasticity of cotton price" with respect to the cotton 
support price is .40 in the short-run. The long-run elasticity is esti­
mated at .92. 
Tobacco 
The estimated equation for tobacco price is: 
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T-PR+ « 22,774 + .3495 T-SPPR+ - .0038 (T-SPY+ - T-UTIL+ ,) 
* (.1308)  ^(.0016)  ^
+ .3850 T-PR. ,. 
(.2327) t-1 
ALS p » .1812 d « 2.22 R^  » ,794 MSE « 15.668 
(.2970) 
The three explanatory variables explain 79 percent of the variation 
in the price of tobacco variable. The short-run "elasticity of tobacco 
price" with respect to tobacco support price is estimated at .25 with the 
long-run elasticity being .41. 
The single equation autoregressive least squares estimates yielded a 
mean square error three-fourths lower than mean square errors of other 
methods. Hence, the ALS estimates were used in the simulation model even 
though the autocorrelation coefficient, p, was statistically insignificant. 
Commercial Demand 
This section contains equations to estimate domestic demands for feed 
grains, wheat, soybeans, cotton and tobacco. Two relations are specified 
for wheat. The first is an equation to predict the demand for wheat as 
food. The second relation estimates domestic nonfood wheat demands. The 
remaining commercial demand variables include domestic quantities demanded 
for all purposes including feed, seed and industry. All of the demand 
variables in this section and subsequent sections are on a crop year basis. 
The crop year for feed grains, soybeans and tobacco begins October 1, 
wheat's crop year starts July 1 and cotton's crop year begins August 1, 
As outlined in the last section, current crop prices are assumed to be 
dependent on the relative size of supply, support prices and other prede­
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termined variables. The quantity demanded for each crop is in turn depend­
ent on current price and other influences. Much of the demand for feed 
grains and soybeans is for use directly or indirectly as livestock feed. 
Hence, the number of livestock production units is included as an explana­
tory variable for feed grains and soybeans. There also is an important 
demand for wheat as livestock feed. However, relative to feed grains the 
quantity of wheat used as feed is low in most parts of the country when 
ample feed grain supplies are available. When feed grain supplies are down 
and feed grain prices rise sharply, farmers tend to use more wheat in their 
livestock rations, everything else equal. The price of feed grains was 
tried unsuccessfully in the nonfood wheat demand equation. Since including 
the feed grain price series failed to reflect the substitutability of wheat 
and feed grains in livestock feed, the feed grain commercial demand quan­
tity was used. Everything else the same, a decrease in feed grains demand­
ed (due possibly to increased feed grain prices) increases the demand for 
wheat. 
The food demand for wheat is postulated to be primarily dependent on 
the price of wheat, per capita disposable income, a trend variable, and a 
dummy variable to accommodate the changed structure of wheat food demand 
during World War II. 
Variable definitions 
The variables in the commercial demand relations are: 
i-CO^  Total crop year domestic demand for all uses, except wheat in 
which only nonfood demand is included, of the i-th crop where 











T (tobacco). The units of measure are millions of tons for 
feed grains, millions of bushels for wheat and soybeans, 
millions of bales for cotton and millions of pounds for 
tobacco. A t-1 subscript denotes a one year lag in the 
variables. 
Millions of bushels of wheat demand for food during the 
current crop year. 
The average crop year price of the i-th crop (i = FG, W, S) 
deflated by the implicit GNP deflator (1947-49 = 100). The 
units of measure are dollars per ton for feed grains and 
dollars per bushel for wheat and soybeans. 
Millions of livestock production units. 
A dummy variable with 1.0's for the years 1942-47 and 0.0's 
elsewhere. 
A trend variable with 1.0 for 1930, 2.0 for 1931,...,38.0 for 
1967. 
The index of the price of broadwoven cloth (1947-49 • 100) 
deflated by the implicit GNP deflator. 
The past crop year ending commercial inventory of cotton in 
millions of bales. 
The past crop year ending government inventory of cotton in 
millions of bales. 
Millions of pounds of tobacco imported into the United States. 
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Feed grains 
The estimated feed grain commercial demand equation is: 
FG-CD - -10.795 + .7230 L-LPU - .2824 FG-PR + 6.6410 WARDUMY. 
* (.0356) (.1118) * (3.2951) 
ATS-2 p - .1027 d = 1.54 » .959 MSE - 22.178 
(.1211) 
The measure of livestock production is the most important variable in 
explaining feed grain commercial demand. The coefficient of the livestock 
production unit variable is over 5 times larger than its standard error. 
The feed grain price variable has the expected sign and is significant 
at the .01 probability level. The elasticity of feed grain commercial 
demand with respect to the price of feed grains at the variable means is 
estimated to be -.10. The results from the other estimation techniques 
also yielded very low elasticities of demand. 
The explanatory variables accounted for over 95 percent of the varia­
tion in feed grain commercial demand. 
Wheat 
The estimated wheat food demand equation is: 
W-FD. • 306.93 - 16.7123 W-PR+ + .0701 US-PCDI. + 21.3820 WARDUMY 
(7.2488) (.0321) (8.8431) 
- 1.2875 TIME. 
(.8813) 
ATS-2 p - .3254 d • 2.02 r2 - .664 MSE « 106.39 
(.1679) 
The income elasticity of wheat food products likely depends on the 
level and distribution of income. At low income levels more bakery prod­
ucts are purchased as income rises. But as income increases sufficiently. 
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consumers include more meat products, fruits and vegetables in their diet 
and fewer wheat products. The coefficient for the per capita income varia­
ble estimates the average response of wheat food demand to changes in in­
come over the observation period. The estimated income elasticity of wheat 
food demand, calculated at the variable means, is .18. The estimated price 
elasticity of wheat food demand is also very inelastic at -.05. 
The value is relatively low at .664 but the equation performs 
adequately in the simulation analysis. 
The estimated equation for wheat demand for seed, feed and industry 
is* 
W-CÛ+ = 312.64 - 49.5022 W-PR+ - 1.1914 FG-CD+ + 219.8070 WARDUMY 
(37.3846) (.5502) (50.4523) 
+ .2824 W-CD. ,. 
(.1379) 
2SLS d - 1.44 r2 « .730 USE = 4,415.7 
The elasticity of wheat nonfood demand with respect to the price of 
wheat is estimated at -.36 at the variable means. Dividing -.36 by the 
adjustment rate (l.O minus the coefficient for W-CD^ .j, .28) gives a long-
run demand elasticity of -.51. Converting the coefficient for the feed 
grain commercial demand variable to an elasticity at the variable means 
indicates that wheat demand declines 6 percent when feed grain commercial 
demand increases by 10 percent. This variable is included to represent 
the substitution of wheat for feed grains as livestock feed when prices 
of wheat are low relative to feed grain prices. Feed grain prices were 
used directly in preliminary equations but apparently multicollinearity 
problems precluded reasonable results. 
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Soybeans 
The estimated soybean commercial demand equation is; 
S-CD. « -180.31 - 17.6188 S-PR. + 2.9177 TIME + 1.4579 L-LPU. 
(8.2423)  ^(1.3638) (.5155) 
+ .6484 S-CD+ ,. 
(.1075) 
2SLS d « 1.53 r2 = .992 MSE = 340.83 
The coefficients of the explanatory variables are all significant at 
the .01 probability level. The fitted equation accounts for 99 percent of 
the variance about the mean of soybean commercial demand. The short-run 
demand elasticity is estimated at the variable means to be -.14. The esti­
mated adjustment coefficient (l.O - .64) indicates that about 36 percent 
of the adjustment in soybean demand to changes in price is made the first 
year. Given time for the full adjustment the demand elasticity increases 
in absolute value to .39. The relation between soybean demand and the 
number of livestock production units is nearly proportional. The demand 
elasticity with respect to L-LPU^  is 1.02. 
Cotton 
The estimated equation for cotton mill consumption is* 
C-CD » 1.037 + .0125 C-BDPI. + .0983 C-INV. , + .6766 C-CD. ,. 
 ^ (.0185)  ^(.0636) (.1408) 
ALS p • -.0048 d » 1.98 R2 - .657 MSE = .783 
(.2282) 
The index of wholesale price of broadwoven cloth is included as an 
exogenous explanatory variable. Usually there is a time lag between the 
processing or milling of raw cotton and the final sale as broadwoven 
cloth (6). Hence, current mill consumption does not immediately affect 
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the market quantity or price of broadwoven goods. The estimated mill 
consumption elasticity with respect to the price of broadwoven cloth is 
.11. Carry-over stocks of cotton were also used to explain the level of 
mill consumption. Increased levels of carry-over stocks were associated 
with increased mill consumption. Since increased stocks usually occur when 
prices are low, including carry-over stocks allowed us to bring in price 
influence in the simulation model. The price of cotton itself performed 
poorly as an explanatory variable in preliminary equations. 
Only predetermined variables were used in the cotton mill consumption 
equation so only least squares and autoregressive least squares estimation 
techniques were applied. The autoregressive least squares estimates per­
formed the best in the simulation analysis even though the autocorrelation 
coefficient is not significant. 
Tobacco 
The estimated equation to predict commercial demand for domestically 
produced tobacco is: 
T-CD. « 785.31 - 2.3746 T-IMP. + .5124 US-PCDI. + .1647 T-CD. .. 
(.9109) (.1587) (.1718) 
LS d » 1.76 r2 = .474 MSE = 11,948 
The explanatory variables explain only 47 percent of the variation in 
tobacco commercial demand. The price of tobacco was included in prelim­
inary equations without success. The demand for tobacco apparently is very 
inelastic. The coefficient of the per capita disposable income variable 
is significant at the .01 probability level. The estimated income elastic­
ity at the variable means is .46. Tobacco imports are exogenous to the 
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supply and utilization data used in this study. In lieu of a foreign price 
of tobacco variable, the import variable is used as an explanatory variable 
in the tobacco commercial demand relation. Converting the import coeffic­
ient to an elasticity at the variable means indicates that a 10 percent 
increase in tobacco imports reduces consumption of domestic tobacco by 
1.8 percent. 
Government Inventory 
Under the crop price support programs, producers may obtain loans 
from the Commodity Credit Corporation (CCC) using their price supported 
crop as collateral. The loan may be repaid in cash or by delivery of the 
crop to the CCC. The stock of a crop held by the CCC at the end of the 
crop year will depend on the quantity of the crop delivered to the CCC, 
the quantity of the crop the CCC sells on the market or donates to school 
lunch programs and to needy persons either directly or via charitable and 
other institutions, and the stock accumulated in past years. The level of 
government inventory of a price supported crop is related to the level of 
crop production and the crop support price. In years of high production 
and (or) high support prices crop deliveries to the CCC are expected to 
increase while CCC crop sales on the market are likely to be low. Lagged 
stock variables are included in the government inventory relations to 
represent the influence of accumulated stocks in previous years. The feed 
grain government inventory relation includes the number of livestock pro­
duction units as an explanatory variable. It is hypothesized that if the 
number of livestock units fed increases, farmers may be more likely to pay 
184 
back CGC loans rather than deliver the crop to the CGC. Government inven­
tory relations are estimated for feed grains, wheat and cotton. 
Variable definitions 








Government ending crop year inventory for the i-th crop where 
i » FG (feed grains), W (wheat) and G (cotton). The units of 
measure are millions of tons for feed grains, millions of 
bushels for wheat and millions of bales for cotton. A t-1 
subscript denotes a one year lag in the data. 
Production of the i-th crop (i = FG, G). Feed grain produc­
tion is expressed in millions of tons and cotton production 
is in millions of bales. 
Commercial ending inventory for the past crop year expressed 
in millions of tons. 
The current average support price for the i-th crop (i = CN 
(corn), W, C) deflated by the implicit GNP deflator. The 
units of measure are dollars per bushel for corn and wheat, 
and cents per pound for cotton (Upland). 
Millions of livestock production units. 
A dummy variable with 1.0's for years 1942-47 and 0.0*s else­
where. 
Cotton mill consumption in millions of bales. 
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Feed grains 
The estimated government inventory relation for feed grains ist 
FG-GINV. « 11.089 + .4859 FG-PROD. + .9363 (FG-GINV. , + FG-CINV* ,) 
* (.1448) * (.1437) 
+ 6.9024 CN-SPPR - .5312 L-LPU . 
(5.8884)  ^(.1642) 
ATS-2 p - .5264 d » 1.95 - .949 MSE « 30.970 
(.1843) 
The explanatory variables explain 95 percent of the variation about 
the mean of the feed grain government inventory variable. All the coeffic­
ient estimates are of the correct sign and are significant at the .01 prob­
ability level except the support price for corn which is significant at 
only the .5 level. The high correlation between feed grain production and 
the livestock production units variables probably biases their coefficient 
estimates. The estimates likely represent the combined and, to a large 
extent, offsetting influence of the two variables. 
Converting the support price coefficient to an elasticity at the 
variable means indicates that a 10 percent incre&%e in the corn support 
price increases government inventories by 3.5 percent. 
Wheat 
The estimated wheat government inventory relation is* 
W-GINVx » -25.028 + 116.6135 W-SPPR+ - 218.8191 WARDUMY 
(40.1429) (74.9359) 
+ .8235 W-GINV. ,. 
(.0602) 
LS d - 1.34 r2 » .905 MSE = 21,377 
The elasticity of wheat government inventory with respect to the wheat 
support price is estimated at .33. 
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Since the explanatory variables are all predetermined, only least 
squares and autoregressive least squares estimates are obtained. The 
autocorrelation coefficient in the autoregressive least squares run was 
insignificant at the .05 level. 
Cotton 
The estimated government inventory equation for cotton is; 
C-GINVx « -1.631 + .4690 C-PRGD+ - .8271 C-CD+ + .1624 C-SPPR+ 
(.2412) (.4933) (.0787) 
+ .8116 C-GINV. ,. 
(.1249) 
2SLS d « 1.91 = .633 MSE « 5.62 
The elasticity of cotton government inventory demand with respect to 
the support price for Upland cotton estimated at the variable means is .71, 
As expected; cotton production increases have a positive influence on 
government stocks while increases in mill consumption demand are negatively 
related to government inventory. 
Commercial Inventory 
The ending crop year commercial inventory demand equations, like the 
demand equations presented in other sections of this chapter, are specified 
differently for each crop. Among the variables used to predict commercial 
inventory are crop production and price. Increases in crop production and 
declines in crop prices are expected to increase commercial stocks. Since 
price support programs tend to stabilize crop prices, commercial stocks 
are expected to be low when government inventories are high. Hence, the 
government inventory variable is included in some of the commercial inven-
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tory relations. The number of livestock production units appears in the 
feed grain equation. Increases in livestock production are expected to 
have a negative effect on feed grain commercial inventory. A dummy varia­
ble to accommodate changes in inventory demand during the war years is 
included for cotton. Lagged stock variables are also used to explain 
commercial inventory demand. 
Variable definitions 
The variables used in the commercial demand equations are: 
i-CINV^  Commercial ending crop year inventory demand for the i-th 
crop where i « FG (feed grains), W (wheat), S (soybeans), 
C (cotton) and T (tobacco). The units of measure are millions 
of tons for feed grains, millions of bushels for wheat and 
soybeans, millions of bales for cotton and millions of pounds 
for tobacco. A t-1 subscript denotes a one year lag in the 
variables. 
i-PR^  The price of the i-th crop (i « W, C, T) deflated by the 
implicit GNP deflator (1947-49 = lOO). The units of measure 
are dollars per ton for feed grains, dollars per bushel for 
wheat and soybeans, and cents per pound for tobacco and 
cotton. 
L-LPU^  Millions of livestock production units. 
i-GINV^  Ending crop year government inventory for the i-th crop 
(i - FG, W, S, C, T). 




The estimated feed grain commercial Inventory relation is: 
FG-CINV. » 2.0247 - .1533 FG-GINV + .1802 FG-PROD - .0449 L-LPU . 
 ^ (.0187)  ^(.0465)  ^(.0423) 
2SLS d « 1.47 r2 = .818 MSE = 2.427 
The variable coefficients carry the expected sign and are significant 
at the .01 probability level except the livestock production units varia­
ble. Apparently, the level of feed grain production and government inven­
tory are the most important determinants of feed grain commercial inven­
tory. 
The Ourbin-Watson d statistic is in the inconclusive range. Results 
from the autoregressive two-stage least squares techniques indicated non-
autocorrelated errors. 
Wheat 
The estimated wheat commercial inventory equation is: 
W-CINV - 256.54 - 86.7672 W-PR - .0892 W-GINV + .3917 W-CINV ,. 
(28.6043)  ^(.0396) (.2132) 
ATS-1 d = 2.21 r2 = .748 MSE = 2,549.8 
The estimated short-run elasticity of wheat commercial inventory 
demand with respect to wheat price is estimated at -.90. The long-run 
elasticity of demand obtained by dividing -.90 by the estimated adjustment 
rate (l.O - .39) is 1.48. 
The explanatory variables explain about three-quarters of the variance 
about the mean of wheat commercial inventory demand. 
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Soybeans 
The estimated soybean commercial inventory equation is* 
S-CINV. = -7.646 + .0567 S-PROD^  + .5767 S-CINV^  ,. 
* (.0188)  ^(.2351) 
2SLS d - 1.41 r2 = .699 MSE = 347.41 
The coefficients of both explanatory variables are significant at the 
.01 probability level. The two variables explain about 70 percent of the 
variation in soybean commercial inventory. 
Cotton 
The estimated cotton commercial inventory equation isj 
C-CINV. = .0685 + .3588 (C-CINV. , + C-GINV. ,) + .4329 C-PROD. 
 ^ (.0693) (.1236)  ^
- .4579 C-GINV - .1201 C-PR + 1.4606 WARDUMY. 
(.0890)  ^(.0325)  ^ U6284) 
2SLS d » 1.48 R^  = .795 MSE = .912 
The estimated coefficients for all five explanatory variables are 
over 3 times as large as their respective standard errors except the coef­
ficient of the war dummy variable which is over twice as large as its 
standard error. The estimated elasticity of commercial inventory demand 
with respect to cotton price is -.77. A large cotton carry-over from the 
previous crop year tends to increase the current ending crop year commer­
cial inventory estimate. Increases in current government inventory demand 
are associated with declines in the commercial stock inventories. 
The Durbin-Watson d statistic is in the inconclusive range. Results 
from the autoregressive two-stage least squares techniques supported the 
hypothesis of nonautocorrelated errors. 
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Tobacco 
The estimated tobacco commercial inventory relation ist 
T-CINV. = -1.967 - 7.7633 T-PR. + .4339 T-PROD. + .8760 T-CINV. ,. 
 ^ (2.6939) (.1093) * (.0405) 
ATS-1 d • 1.74 r2 « .978 MSE = 16,086 
The coefficients of the explanatory variables are all significant at 
the .01 probability level. The short-run price elasticity of tobacco com­
mercial inventory is estimated at -.10. Dividing -.10 by the estimated 
adjustment rate of .12 (l.O - .88) gives a long-run elasticity estimate 
of -.83. 
Exports 
The final demand category in each crop submodel is export demand. 
The explanatory variables used to predict exports include total carry-over 
stocks, commodity price, a trend variable, lagged exports, current supply 
and commercial demand in the case of cotton and lagged foreign tobacco 
production in the case of tobacco. 
Variable definitions 
The variables used in the crop export relations are: 
i-EXP^  Total crop year exports of the i-th crop where i • FG (feed 
grains), W (wheat), S (soybeans), C (cotton) and T (tobacco). 
The units of measure are millions of tons for feed grains, 
millions of bushels for wheat and soybeans, millions of bales 
for cotton and millions of pounds for tobacco. A t-1 sub­










The sum of crop year commercial and government carry-in stock 
for the i-th crop (i = FG, W), The units of measure are 
millions of tons for feed grains and millions of bushels for 
wheat. 
The price of soybeans in dollars per bushel deflated by the 
implicit GNP deflator (1947-49 = lOO). 
The crop year supply of cotton in millions of bales. 
The crop year mill consumption of cotton in millions of bales. 
The ending crop year sum of commercial and government stocks 
in millions of bales. 
Past calendar year production of tobacco in all countries 
excluding the United States in millions of pounds, 
A trend variable with 1,C for 1930, 2,0 for 1931,..,,38,0 for 
1967. 
Feed grains 
The estimated feed grain export equation is: 
FG-EXP. = -.504 + .0464 FG-INV. , + .9217 FG-EXP. ,. 
 ^ (.0174) (.0542) 
ALS p = -.5074 d = 2.06 = .930 MSE = 4.83 
(.1551) 
The two explanatory variables explain 93 percent of the variation in 
feed grain exports. Converting the coefficient of the inventory variable 
to an elasticity indicates that a 10 percent increase in total carry-in 
stocks increases exports by 2 percent in the short-run. The comparable 
long-run elasticity is 2.5. Thus, a sustained 10 percent increase in 
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carry-In stocks raises feed grain exports by 25 percent in the long-run. 
But the long-run is very long, over 28 years. 
The autocorrelation coefficient estimate from the ALS technique is 
significant at the .01 probability level. 
Wheat 
The estimated export equation for wheat is: 
W-EXP. « -.029 + .0991 W-INV. , + .8770 W-EXP. ,. 
* (.0478) (.0715) *''• 
IS d » 2.29 R2 « .879 MSE = 9,789.0 
The coefficients of the explanatory variables are significant at the 
.01 probability level and the variables explain 88 percent of the annual 
variation in wheat exports. The short-run elasticity of wheat export 
demand with respect to total beginning year stocks is estimated at .17. 
The comparable long-run elasticity estimate is 1.35. 
The autoregressive least squares estimate of the autocorrelation coef­
ficient was insignificant. Since only predetermined variables appear in 
the equation, none of the simultaneous techniques was applied. 
Soybeans 
The estimated soybean export demand relation is* 
S-EXP = 2.909 - 4.1270 S-PR + .6650 TIME + .9986 S-EXP .. 
 ^ (3.4258)  ^(.2882) (.0425) 
ATS-2 p • -.2916 d » 2.40 » .988 MSE « 94.671 
(.2317) 
The short-run elasticity of soybean exports with respect to soybean 
price is estimated from the above equation at -.13. The high R^  value 
indicates that the equation predicts soybean exports well. 
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The autocorrelation coefficient estimated from the ATS-2 method is 
Insignificant but the mean square error is lower than for 2SLS or ATS-1. 
(The mean square error for the 2SLS and ATS-1 procedures was about 107.) 
The ATS-2 estimates performed well in the simulator analysis, so were used. 
Cotton 
The estimated export demand equation for cotton is: 
C-EXP. = .336 + 1.0580 C-SPY. - 1.0972 C-CD - 1.0614 C-INV. 
 ^ (.0429) (.0307) (.0468) 
- .0579 C-EXP. ,. 
(.0207) 
2SLS d = 2.25 = .993 MSE = .033 
The coefficients of all the explanatory variables are very signifi­
cant. The estimated equation is almost an identity. Cotton supply minus 
mill consumption and ending year stocks nearly equals cotton exports. The 
equation, then, is not a structural equation as such but a predictive equa­
tion which treats exports essentially as a residual demand. The extremely 
low level of cotton imports, which is included in the supply variable, and 
a negative coefficient on a lagged export variable cancel each other out 
leaving a near identity relationship. This specification was kept after 
failing to find an adequate "structural" specification. 
Tobacco 
The tobacco export demand equation is; 
T-EXP = 298.052 - .0473 T-FRPD. , + 8.7171 TIME + .6039 T-EXP. , . 
t (.0238) (3.1350) (.2237) 
ALS p = -.0890 d = 2.00 R' = .526 MSE = 5,535.1 
(.2671) 
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The value is rather low but the equation estimated the observed 
data reasonably well in the simulation analysis. The ALS estimate of the 
autocorrelation coefficient is nonsignificant but the mean square error is 
lower than the mean square error from the least squares estimated equation. 
Again, only predetermined variables are included in the specification so 
none of the simultaneous estimation procedures was used. 
Gross Income 
The last equation in each commodity submodel predicts gross income. 
The gross income variable includes receipts from the sale of the commodity 
plus any government payments associated with federal support programs for 
the commodity. Crop production can be stored and marketed later or fed 
directly to livestock and never reach the cash market. Thus, an equation 
could be formulated to estimate the quantity of each crop sold on the 
market. Gross income could then be estimated as the product of the crop 
quantity sold and crop price plus government payments. In this study, 
however, commodity gross income is estimated directly as a function of 
commodity production, commodity price and (commodity specific) government 
payments. 
Variable definitions 
The variables in the gross income relations ares 
i-GINCt Cash receipts in millions of dollars from the sale of the 
i-th commodity where i " L (livestock), FG (feed grains), 
W (wheat), S (soybeans), C (cotton) and T (tobacco) deflated 
by the implicit GNP deflator (1947-49 " 100) plus any 
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government payments to producers of the i-th crop (i " FG, W, 
C) in millions of dollars deflated by the GNP deflator. 
L-LMKT^  The index of livestock marketings (1947-49 • 100). 
i-PR^  The average price of the i-th commodity (i = L, FG, W, C, T) 
deflated by the implicit GNP deflator (1947-49 * 100), The 
units of measure are dollars per ton for feed grains, dollars 
per bushel for wheat and soybeans, cents per pound for cotton 
and tobacco and for livestock an index (1947-49 = 100). 
i-PROD^  Production of the i-th crop (i • FG, W, S, C, T), The units 
of measure are millions of tons for feed grains, millions of 
bushels for soybeans and wheat, millions of bales for cotton 
and millions of pounds for tobacco. 
i-GPYT^  Millions of dollars of government payments to the producers 
of the i-th crop (i = FG, W, C) deflated by the implicit GNP 
deflator. 
Estimated equations 
The estimated gross income relations are given below without 
discussion. 
Livestock 
L-GINC^  - 99.593 + 1.6019 L-MKT. * L-PR. 
* (.0278) *  ^
ALS p - .6287 d » 1.51 R^  « .998 MSE « 27,978 
(.1365) 
Feed grains 
FG-GINC. = 64.607 + .1609 FG-PROD. * FG-PR. + .8564 FG-GPYT. 
(.0508) * * (.1835) 




W-GINC. - 5.314 + .9042 W-PROD. * W-PR. + .9335 W-GPYT. 
(.0148) (.1319) 
ALS p » .9715 (i » 2.03 - .998 MSE • 780.97 
(.0582) 
Soybeans 
S-GINC+ « -1.99 + .9771 S-PROD+ * S-PR+ 
* (.0058) 
ALS p = .8718 d » 2.01 r2 = .999 MSE «= 16.047 
(.0840) 
Cotton 
C-GINC+ = 112.77 + 5.3876 C-PROD. * C-PR+ + .8068 C-GPYT. 
(.1329) (.0959) 
ATS-1 d « .66 r2 « .983 MSE = 4,755.8 
Tobacco 
T-GINC+ • 37.342 + .0092 T-PR0D+ * T-PR+ 
* (.0011) 
ATS-2 p - .4601 d - 1.92 R2 » .902 MSE - 7,255.4 
(.1377) 
Summary 
This chapter completes the presentation of the empirical relations 
that comprise the commodity submodels. The equations in this chapter use 
production estimates generated from the crop production functions to aid 
in estimating crop supplies and prices. The price estimates influence the 
level of noninventory and inventory crop demands. The generated price and 
production levels are used to estimate gross receipts from the sale of the 
respective commodities. The livestock output section is comprised of four 
relations and culminates with an equation to estimate livestock gross 
receipts. 
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In the first part of the next chapter the relations presented in this 
chapter and the preceding three chapters are brought together and re­
arranged to form the complete recursive simulation model. After testing 
the model's predictive ability, the results of the simulation runs are 
presented. 
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CHAPTER IX. SIMULATION ANALYSIS 
The estimated equations that appear In the simulation model were 
presented In the last four chapters. However, the equations are grouped 
by commodity categories in the simulator rather than by type of dependent 
variable as presented In the preceding chapters. The recursive model used 
in the simulation analysis Is easily reconstructed from these four chap­
ters. Each commodity category in the simulation model contains a pre-input 
section, an input section and an output section. The equations in the 
pre-input section for each commodity are presented in Chapter V, the com­
modity input equations are included in Chapter VI, the production function» 
of the crop output sections are given in Chapter VII, and the remaining 
equations in the commodity output sections are presented in Chapter VIII. 
To obtain the equation order in the simulation model, we merely sort the 
equations in the order they appear in Chapters V through VIII by commodity 
categories. First, we take the livestock equations from Chapters V through 
VIII and then the equations for feed grains, wheat, soybeans, cotton and 
finally for tobacco. 
In addition to the six commodity submodels, the simulator contains a 
set of identities which aggregate variable estimates for the separate com­
modities into national estimates. Variable levels of commodities not In 
the model are treated as exogenous, or given data and are included in the 
identities. Hence, total fertilizer demand in the United States for year t 
is obtained by summing the simulation model's estimates of fertilizer used 
in year t in the production of feed grains, wheat, soybeans, cotton and 
tobacco and adding the given data on fertilizer used for other crops in 
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year t. The source statements of the FORTRAN program used to simulate the 
over-all model are listed in Appendix D. 
The complete set of estimated equations and identities that comprise 
the basic simulation model is presented on the following pages. The vari­
able symbols are defined in the preceding four chapters and in Table 10 
of Chapter III. The coefficient standard errors are presented below the 
coefficient estimates. The estimation procedures used to estimate each 
relation are symbolized in the same manner as in the last four chapters; 
LS for least squares, ALS for autoregressive least squares, 2SLS for two-
stage least squares, ATS-1 for the first version of autoregressive two-
stage least squares and ATS-2 for the second version of autoregressive 
two-stage least squares. The autocorrelation coefficient, p (if appli­
cable), the Ourbin-Watson d statistic, the R^  value and the mean square 
error, MSE, are also included for each estimated relation. 
Livestock Submodel 
Pre-input section 
L-LPUR. - -205.7 + 4.5720 FG-PROD. , + .8586 L-LPUR. , 
* (1.7789) (.0698) 
LS d « 2.43 r2 = .965 MSE = 19,038. 
L-STK. = 3780.9 + .8756 L-LPUR. + .6105 L-STK. , 
* (.2971)  ^ (.1277) 
2SLS d » 1.65 R^  = .901 MSE « 315,211. 
L-STKAVE^  m (L-STK^ _j + L-STK^ )/2 
L-MPUR - .3125 + 53.5906 POSTWARDUMY + ,0049 L-GINC , + 2.3647 TIME 
 ^ (15.9188) (.0021) (.6869) 
+ .2929 L-MPUR^  , 
(.1429) 
LS d • 1.99 R^  - .907 MSE « 514.43 
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L-MSTK. » -37.532 + 1.2174 L-MPUR+ + .8721 L-MSTK. , 
(.1947) (.0300) 
2SLS d » 1.75 • .989 MSE = 2,356.7 
L-MSTKAVE^  « (L-MSTK^ _j + L-MSTK^ )/2 
L-VALA. » -16.633 + .0996 L-GINC. , + 108.0093 TIME + .9246 L-VALA , 
* (.0910) (63.4461) (.0608) 
ALS p » -.6032 d = 1.89 = .971 MSE « 2,869,794. 
(.1467) 
L-SPA^  » L-STKAVE^  + L-MSTKAVE^  + L-VALA^  
Input section 
L-FEED+ « -975.282 +9.1596 L-LPU+_i + .8784 L-FEED.,, 
* (4.4477) * ^  (.0675)  ^^  
ALS p = .0279 d » 2.04 R^  « .983 MSE = 60,799. 
(.1728) 
L-LABR. = 498.05 + 12.5193 L-LPU. , - 242.5923 TIME + .2000 L-LABR. , 
* (2.0379) (111.0861) (.1179) 
ALS p « .9468 d = 2.02 R^  • .995 MSE « 7,350.1 
(.0369) 
L-MACHt » 12.468 + .1995 L-MSTKAVE+ - .7522 TIME 
(.0067) (.2682) 
2SLS d » 1.45 r2 « .995 MSE » 33.1 
L-RE. • 366.672 + .0434 L-VALA. + 8.1235 TIME 
(.0011) (.8990) 
ATS-2 p - -.3260 d » .619 R^  » .996 MSE = 999.379 
(.0844) 
L-FOR. « 226.23 + .0128 L-MSTKAVE. - 1.4906 US-MSPI. , + .7905 L-FOR. , 
* (.0269) * (.6245) (.1302) 
2SLS d - 2.38 R^  « .990 MSE « 251.0 
L-MISC+ » 168.1829 + .0169 L-SPAx - 5.3965 US-FSPI+_, + 18.1500 TM61 
(.0020) (1.6277) (7.2887) 
+ .1712 L-MISC+ 1 
(.1033) 
ALS p « .4253 d « 1.78 R^  » .993 MSE - 861.53 
(.1715) 
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L-INT. « 46.878 + .0563 L-STKAVE. 
(.0030) 
ATS-2 p « .3134 d « 1.45 « .958 MSE - 421.71 
(.1484) 
L-RETX^  « L-VALA^  * L-TXRT^  
Output section 
L-LPU. • 37.998 - .0795 FG-PR. , + .6591 TIME + .7390 L-LPU. , 
* (.0999) (.2695) (.1113) 
LS d » 1.40 r2 « .936 MSE « 54.903 
L-MKT. " -30.325 + .4038 L-LPU. + .6255 L-MKT. , 
 ^ (.1008)  ^(.1005) 
2SLS d - 1.99 R^  " .980 MSE - 16.48 
L-PR. - 13.856 - .8726 L-MKT. + .0640 US-PCDI + .2432 L-PR. , 
* (.2252) * (.0187) (.1616) 
ALS p « .8042 d « 1.81 R2 • .890 MSE = 31.27 
(.1184) 
L-GINC. « 99.539 + 1.6019 L-MKT. * L-PR. 
* (.0278) * * 
ALS p - .6287 d = 1.51 R^  « .998 MSE = 27,978. 
(.1365) 
Feed Grain Submodel 
Pre-input section 
FG-ACx » 123.44 + .5637 FG-PR+ , - 22.5082 W-PR+ , 
(.2117) (6.6271) 
- 1.0379 FG-ACDIV. + .1925 FG-AC+ , 
(.2130) (.1418) 
LS d « 1.98 r2 « .797 MSE = 61.213 
FG-STK+ « -34.22 + 41.7228 FG-PROD. , 
* (2.9274) 
ALS p « -.4845 d » 2.04 R^  - .723 MSE « 449,147. 
(.1515) 
FG-SIKAVE^  - (FG-STKt_i + FG-STK^ )/2 
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FG-MPUR - 88.8782 + 284.1584 POSTWARDUMY + 39.4036 FG-EQTY 
* (86.0408) (10.5967) 
+ .1025 FG-GINC , 
(.0445) 
ALS p » .4242 d = 1.87 « .871 MSE « 12,344. 
(.1624) 
FG-MSTK^  - -18.351 + .9295 FG-MPUR^  + .7980 FG-MSTK. , 
* (.1747)  ^(.0450) 
2SLS d « 2.43 r2 « .963 MSE « 46,436. 
FG-MSTKAVE^  « (FG-MSTK^ ,} + FG-MSTK^ )/2 
FG-PRLA. • -142.33 + 1.8361 FG-FMSZ. , + .6411 FG-PRLA. , 
* (.4877) (.1237) 
LS d - 2.23 r2 « .964 MSE • 96.688 
FG-VALA. - -.4778 + .9194 FG-PRLA. * FG-AC. 
* (.0002) * t 
ATS-1 d - 1.90 r2 « .999 MSE • 41.519 
FG-SPA^  « FG-STKAVE^  + FG-MSTKAVE^  + FG-VALA.^  
Input section 
FG-FERT. « 114.46 + .0045 FG-SPA. - 1.3184 US-FTPI. , + 30.6667 TM61 
(.0041)  ^ (.6957) (8.0763) 
+ .8550 FG-FERT 
(.1056) 
2SLS d » 2.33 r2 - .995 MSE « 863.54 
FG-SEED+ « -135.311 + .8846 FG-AC+ + 14.8038 TIME**.5 
(.1822) (3.3282) 
+ .5739 FG-SEED. , 
(.0940) 
ALS p » -.4754 d » 1.97 R^  = .910 MSE - 99.314 
(.1618) 
FG-LABR « 1761.9 + 13.1434 FG-AC - .2800 FG-MSTKAVE - 45.1842 TIME 
 ^ (3.9203) (.0576) (8.3346) 
ATS-1 d - 1.04 r2 - .970 MSE « 29,439. 
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FG-MACM. - 47.014 + .2635 FG-MSTKAVE. - 2.5618 TIME 
(.0086) (.8233) 
2SLS d « 2.30 « .989 MSE » 824.48 
FG-RE. » 2.820 + .0510 FG-VALA. 
 ^ (.0009) t 
ALS p » .8746 d « 2.01 r2 » .997 MSE » 108.84 
(.0892) 
FG-FOR. » 30.864 + .1043 FG-MSTKAVE+ 
 ^ (.0311) t 
ALS p » .9242 d - 2.08 R^  = .977 MSE » 1426.0 
(.0468) 
FG-MISC. « 181.36 + .0099 FG-SPA^  - 2.0179 US-FSPI^  , 
* (.0017) * (.6646) 
+ 12.0770 TM61 + .3018 FG-MISC. , 
j(2.7266) (.1298) 
ATS-1 d « 2.47 r2 » .989 MSE = 220.93 
FG-INTx « -3.6203 + .0622 FG-STKAVE+ 
(.0019) * 
ALS p « -.5441 d » 2.14 R^  « .936 MSE - 403.15 
(.1442) 
FG-RETX^  • FG-VALA^  * FG-TXRT^  
Output section 
FG-PROD. « ^  X • .0632 FG-FERT*°^ ^^  FG-SEED*®^ ^^  ^FG-LABR'2B743 
(1932-39) t t t 
FG-MACH'20900 fg_RE*24063 pG-FOR*^ ^^  ^FG-MISC' 
t t t t 
FG-INT^ 0477* FG-RETX*®^ ®^ 
FG-Pa)D^ _^^ çj - 1.07778 FG-FERTFG-SEED^ 03434 FG-LABR^ G^963 
FG-MACH*^ ^^ "' FG-RE^ 1079G FG-FOR*^ "^*^  ^FG-MISC*°^ ®^ 
FG-INT^ 04002 FG-RETX*®^ ®®® 
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FG-PROD^ ç^ _^ j = .15513 FG-FERT*°®^ 21 pG-SEED-®^ ®^^  FG-LABR*^ ^^ ^^  
FG-MACH*^ ''26 PG_RE«17451 FG-FOR*^ ®°^  FG-MISC*®^ "^'^  
FG-INT*®"*^ ®^  FG-RETX*®^ ®^"' 
FG-PROD, , » .06593 FG-FERT* FG-SEED'O^ *?* FG-LABR*®®^ "^  
(1959-67) t t t 
FG.MACH'3*219 FG-RE'29539 pG-FOR'^ ^^  FG-MISC*^ °®°® 
t t t t 
FG-INTJ°^ ®^® FG-RETX^ °5673 
FG-SPY^  • FG-PROD^  + FG-GINV^ ,! + FG-GINV^ _j + FG-IMP^  
FG-PR. - 19.838 + 21.8219 CN-SPPR. - .2051 (FG-SPY. - FG-UTIL+ ,) 
 ^ (3.0248) * (.0432)  ^
+ 9.7044 WARDUMY 
(2.9788) 
ATS-2 p • .0828 d = 1.46 « .852 MSE = 27.701 
(.1567) 
FG-CD = -10.795 + .7230 L-LPU - .2824 FG-PR + 6.6410 WARDUMY 
* (.0356)  ^(.1118)  ^(3.2951) 
ATS-2 p = .1027 d = 1.54 8% « .959 MSE = 22.178 
(.1211) 
FG-GINV. - 11.089 + .4859 FG-PROD. + .9363 (FG-GINV. , 
* (.1448) * (.1437) 
+ FG-CINV. J + 6.9024 CN-SPPR. - .5312 L-LPU. 
(5.8884) t (.1642) t 
ATS-2 p • .5264 d - 1.95 « .949 MSE = 30.970 
(.1843) 
FG-CINV. « 2.0247 - .1533 FG-GINV. + .1802 FG-PROD - .0449 L-LPU. 
 ^ (.0187) * (.0465)  ^(.0423) 
2SLS d » 1.47 R2 = .818 MSE = 2.427 
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FG-EXP+ « -.504 + .0464 FG-INV. , + .9217 FG-EXT. , 
* (.0174) (.0542) 
ALS p • -.5074 d « 2.06 if - .930 MSE = 4.83 
(.1551) 
FG-GINC. « 64.607 + .1609 FG-PROD. * FG-PR + .8564 FG-GPYT. 
(.0508) (.1835) 




W-AC. « 26.968 + 5.1321 W-PR+ , - 7.0059 W-ACATDUMY + .4722 W-AC. . 
(2.2302) (1.7248) (.1011) 
LS d » 1.69 = .738 MSE = 22.656 
W-STK. - 155.50 + .1911 W-PHOD. , + .5444 W-STK. , 
* (.1853) (.2226) 
IS d • 2.07 if - .524 MSE - 20,645. 
W-STKAVE^  « (W-STKt_i + W-STKt)/2 
W-MPUR. « 5.111 + 37.2151 POSTWARDUMY + 7.6931 W-EQTY , 
* (24.7713) (2.9762) 
+ .0539 W-GINa , 
(.0216) 
ALS p » .4582 d « 1.99 - .860 MSE « 1,007.8 
(.1837) 
W-MSTK+ • 9.849 + .8657 W-MPUR+ + .8401 W-MSTK. , 
 ^ (.3298)  ^(.0746) 
ATS-1 d » 2.37 r2 - .928 MSE - 9,535.1 
W-MSTKAVE^  « (W-MSTK^ ,j + W-MSTK^  )/2 
W-PRLA^  « -61.535 + 1.1481 W-FMSZ^  , + .5384 W-PRLA^  , 
* (.3271) (.1321) 
LS d » 2.20 r2 » .864 MSE = 165.59 
W-VALA. « 2.7804 + .6801 W-AC. * W-PRLA. 
* (.0003) ^ 
2SLS d - 2.42 R^ • .999 MSE - 9.00 
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W-SPA^  - W-STKAVE^  + W-MSTKAVE^  + W-VALA^  
Input section 
W-FERT. « 95.945 + .0041 W-SPA - .8255 US-FTPI + 9.1423 TM61 
* (.0039)  ^(.3338) (2.5878) 
+ .6008 W-FERT. , 
(.1313) 
2SLS d = 1.96 = .969 MSE « 205.77 
W-SEED. » 17.090 + 2.2897 W-AC. - .0650 W-SDPI. , + .1555 TIME 
* (.1934) (.0939) (.1276) 
ATS-1 d « 2.01 R2 - .889 MSE « 50.37 
W-LABR. = 130.23 + 6.4774 W-AC^  - .1713 W-MSTKAVE - 5.8608 TIME 
 ^ (.7150) (.0442) (1.4935) 
ALS p « .3405 d = 2.02 R^  = .975 MSE = 594.9 
(.1442) 
W-MACH. » 7.6711 + .2403 W-MSTKAVE - 1.0459 TIME 
 ^ (.0123)  ^ (.3789) 
2SLS d « 2.24 R^  » .978 MSE « 127.25 
W-RE « 15.362 + .0495 W-VALA + 2.9174 TIME**.5 
 ^ (.0015)  ^(1.1360) 
ATS-1 d = .53 R^  = .988 MSE = 48.537 
W-FOR. » 200.412 - 2.5492 US-MSPI. , + .1225 W-MSTKAVE. + 1.7601 W-AC 
(.4073) (.0197) (.3508) 
ATS-2 p • .2435 d # 1.74 R^  • .976 MSE « 205,62 
(.1399) 
W-MISC. - 115.79 + .0111 W-SPA. - 1.0869 US-FSPI. . + 5.5460 TM61 
(.0020) * (.2384) (1.1261) 
+ .2447 W-MISC. , 
(.1380) 
ATS-1 d = 2.21 r2 - .984 MSE « 38.138 
W-INT^  « -.5146 + .0623 W-STKAVE^  
* (.0048)  ^
2SLS d = 2.34 r2 » .852 MSE = 22.75 
W-RETX^ = W-VALA^ * W-TXRT^ 
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Output section 
W-PROD.,„,^  « 6.97984 W-FERTT®^ ^^ '' W-SEED'^ '^^ ^^  
V1932-39; t t t 
W-MACH*^ ^^  ^W-RE^ 24783 W-FOR*^ ^^ ^^  
W-INT^ 02159 vif_RETX*°^ ^^  ^
W-PROD,,^  ^  - 59.12276 W-FERT*®^ ''^ ® W-SEED'O**^ ? W-LABR'^ GS 
(1940-49) t t t 
W-MACH*®^ ^^  W-RE^ 1°*9* W-FOR*°^ ^^  W-MISC*®^ °^  ^
W-INT^ °2159 w_RETX^ °lB96 
W-PROD^ ggQ^ ggj « 22.03056 W-FERT*°^ ^^  ^W-SEECrO*?^ * W-LABR^ °"^ °^^  
W-MACH*^ ®®®^  W-RE*^ ^^  W-F0R^ 13*57 w-MISC*®^ °^  ^
W-INT^ Ol*** W-RETX^ °2B26 
W-PHOD.,^ ^^  « 5.51658 W-FERT'®"^ ^^  ^W-SEED'®^ "^ ^^  W-LABR*®^ "'^  
(1959-67/ t t t 
W-MACH*^ °^ ^^  W-RE^ 27100 W-FOR*^ °^°^  W-MISC'^ °^ ^^  
W-INT^ °2148 w_RETX^ 04729 
W-SPY. = W-PROD. + W-GINV^  , + W-CINV. , + W-IMP. 
t t t-1 t-i t 
W-PR+ « .4584 + .1594 W-SPPR. - .0002 (W-SPY. - W-UTIL+ ,) 
* (.0750) * (.0001)  ^
+ .6345 W-PR. . 
(.1296) 
2SLS d - 1.52 r2 « .681 MSE = .057 
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W-FD. » 306.93 - 16.7123 W-PR+ + .0701 US-PCDI + 21.3820 WARDUMY 
(7.2488)  ^(.0321) (8.8431) 
- 1.2875 TIME 
(.8813) 
ATS-2 p « .3254 d » 2.02 R^  " .664 MSE • 106.39 
(.1679) 
W-CD. • 312.64 - 49.5022 W-PR - 1.1914 FG-CD + 219.8070 WARDUMY 
(37.3846) (.5502)  ^ (50.4523) 
+ .2824 W-CD+.i 
(.1379) 
2SLS d « 1.44 r2 • .730 MSE - 4,415.7 
W-GINV. « -25.028 + 116.6135 W-SPPR - 218.8191 WARDUMY 
(40.1429) (74.9359) 
+ .8235 W-GINV^  , 
(.0602) 
LS d = 1.34 R? - .905 MSE - 21,377. 
W-CINV. = 256.54 - 86.7672 W-PR. - .0892 W-GINV. + .3917 W-CINV. , 
(28.6043)  ^(.0396) (.2132) 
ATS-1 d « 2.21 r2 = .748 MSE * 2,549.8 
W-EXP. • -.029 + .0091 W-INV+ , + .8770 W-EXP. , 
 ^ (.0478) (.0715) 
LS d = 2.29 R^  = .879 MSE = 9,789.0 
V:-GINC. » 5.314 + .9042 W-PROD. * W-PR + .9335 W-GYPT. 
(.0148)  ^ (.1319) 




S-AC, « .4084 + 1.2589 S-PR. , - .0815 FG-PR. , + .1602 TIME 
 ^ (.7479) (.0363) (.0893) 
+ .8672 S-Aa , 
(.0984) 
LS d » 2.19 R2 « .989 MSE - 1.570 
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S-STK. » -1.506 + 1.0923 S-PROD. , 
 ^ (.0476) 
LS d » 2.18 R^  - .936 MSE = 5,667.1 
S-STKAVE^  » (S-STK^ .j + S-STK^ )/2 
S-MPUR. » -1.902 + .0658 S-GINC. , + .6743 S-MPUR. . 
* (.0269) (.1617) 
LS d « 2.34 r2 - .967 MSE « 229.78 
S-MSTK. = 7.2425 + .3417 S-MPUR. + 1.0048 S-MSTK. , 
 ^ (.5480)  ^ (.1036) 
ATS-1 d » 2.23 r2 « .988 MSE » 2,543.3 
S-MSTKAVE^  - (S-MSTK^ i + S-MSTK^ )/2 
S-PRLA* » 19.940 + .0254 S-GINC* , + .7076 S-PRLA+ , 
 ^ (.0082)  ^^  (.1076) 
LS d « 2.32 r2 = .937 MSE = 86.195 
S-VALA. « .573 + .8935 S-PRLA. * S-AC+ 
 ^ (.0001)  ^  ^
ALS p » -.6658 d = .980 R^  « .999 MSE » .915 
(.0577) 
S-SPA^  » S-STKAVE^  + S-MSTKAVE^  + S-VALA^  
Input section 
S-FERT. » -.3164 + .0040 S-SPA. + .0012 S-GINC. . + .0024 TIME 
* (.0009) (.0019) (.1268) 
- .0152 TIME**2 + .9548 S-FERT 
(.0043) (.0853) 
LS d - 1.90 r2 • .983 MSE « .870 
S-SEED. = .862 + 3.3710 S-AC. + .1363 S-SEED. , 
* (.2830) * (.0778) 
ALS p « .2188 d - 1.87 R^  « .997 MSE « 5.112 
(.1991) 
210 
S-LABR. - 10.870 + 6.9776 S-AC - 5.6787 TIME + .1851 S-LABR 
* (.8731)  ^(1.9792) (.1139) 
ATS-2 p « .8932 d - 2.01 R^  - .991 MSE - 21.550 
(.0536) 
S-MACH. » 1.639 + .1523 S-MSTKAVE. + .3585 S-MACH. , 
* (.0273)  ^(.1301) 
ATS-2 p « -.0476 d « 2.86 R2 - .997 MSE « 34.510 
(.1518) 
S-RE+ • -.9873 + .0502 S-VALA^  + .2593 TIME 
(.0002) (.0273) 
ATS-2 p • -.0660 d - .98 R^  « .999 MSE = .521 
(.0192) 
S-FOR. « 46.694 - .3511 US-MSPI. , + .1240 S-MSTKAVE. 
* (.1224) (.0242) * 
+ .2974 S-FOR. . 
(.1487) 
2SLS d • 2.05 " .995 MSE - 35.296 
S-MISCx « 23.533 + .0045 S-SPA. - .2005 US-FSPI , + 6.4273 TM61 
(.0019)  ^(.1921)  ^ (1.6981) 
+ .6211 S-MISC 
(.1551) 
2SLS d » 2.42 R^  = .994 MSE = 17.510 
S-INT. « -.0881 + .0597 S-STKAVE. 
* (.0014) 
ATS-2 p » -.2187 d « 2.63 R^  « .975 MSE = 7.7814 
(.1275) 
S-RETXt « S-VALAt * S-TXRT^  
Output section 
S-PR0D(iga2_39) " 5.83512 S-FERT*®®''^ ® S-SEED*^ ^^ ^^  S-LABR' 
S-MACH^ 14939 s-RE*^ ®®''® S-FOR*S-MISC| .10876 
S-INT^ 01631 S-RETX*®'^ '^'^  
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S-PROD, , - 30.84373 S-FERT'00807 s-SEEO'07615 S-LABR'O?**^  
(1940-49) t t t 
S-MACH*®^ ^^  S-RE'()8768 S-F0R"0B866 s-MISC*®^ ^^  
t t t t 
S.RETX^ 01557 
S-PROD^ çg^  » 13.47182 S-FERT*®^ "'^  ^S-SEED^ O^ O^ ô S.LABR'®''^ ®^ 
S-MACH*^ ®"*^  ^S-RE^ 14599 S-F0R^ 14698 S-MISC*®'*''^ '* 
S-INT'®^ "^' S-RETX*°^ °^^  
S - P R O D ^ J  -  7 . 4 9 2 3 2  S - F E R T ^ ° 2 2 9 2  s . S E E D * ° ^ ^ ^  S - L A B R * ® " ^ ® ^ ^  
S-MACH*^ °^^ ® 
S-INT*°^ ®^^  S-RETX*®^ ^^  
S-SPY. » S-PROD^  + S-CINV. , 
t t t-i 
S-PR+ » 1.233 + .3324 S-SPPR. + .3858 WARDUMY - .0015 (S-SPY+ 
(.1333) (.2213) (.0007) 
- S-UTIL. ,) + .0280 S-PR^  , 
(.3167) 
ALS p « .2107 d « 2.06 R^  = .729 MSE « .088 
(.3725) 
S-CD, « -180.31 - 17.6188 S-PR+ + 2.9177 TIME + 1.4579 L-LPU. 
(8.2423) (1.3638) (.5155) 
+ .6484 S-CD. , 
(.1075) 
2SLS d « 1.S3 if « .992 MSi • 340.83 
S-CINV^  - -7.646 + .0567 S-PROD^  + .5767 S-CINV. , 
 ^ (.0188) * (.2351) 
2SLS d « 1.41 r2 « .699 MSE « 347.41 
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S-EXP » 2.909 - 4.1270 S-PR + .6650 TIME + .9986 S-EXP 
 ^ (3.4258) * (.2882) (.0425) 
ATS-2 p « -.2916 d » 2.40 R^  » .988 MSE = 94.671 
(.2317) 
S-GINC. « -1.99 + .9771 S-PROD * S-PR 
 ^ (.0058) *  ^




C-ACx « 12.276 - 5.9460 C-ACATDUMY + .0439 C-PR. , - .4037 TIME 
(1.6368) (.1303) (.1336) 
ALS p » .6175 d - 1.96 R^  « .865 MSE = 9.019 
(.1392) 
C-STK+ « 310.37 - 12.9612 C-CD+ . + .3670 C-STK. , 
* (15.7396) (.1750) 
LS d « 1.95 r2 = .195 MSE = 19,399. 
C-SIKAVE^  = (C-STK^ _j + C-STK^ )/2 
C-MPUR « 114.489 + 49.1934 POSTWARDUMY + 4.9609 C-EQTY. . 
(15.9818) (2.2515) 
- 1.2210 US-MHPI+ , - .0175 C-GINC. , 
(.4723) (.0161) 
ALS p = .1756 d « 1.94 R2 - .816 MSE - 466.787 
(.2194) 
C-MSTK+ « 54.33 + 1.1264 C-MPUR* + .6437 C-MSTK* . 
(.3522) (.1055) 
2SLS d = 2.42 R^  « .769 MSE » 5,005.1 
C-MSTKAVE^  » (C-MSTK^ j^ + C-MSTK^ )/2 
C-PRLA^  • -5.204 + .0064 C-GINC^  . + .9644 C-PRLA. , 
 ^ (.0038) (.0429) 
LS d « 1.67 r2 » .938 MSE « 131.71 
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C-VALA. « 3.339 + 2.0569 C-PRLA. * C-AC. 
 ^ (.0035)  ^ * 
2SLS d - 1.97 r2 - .999 MSE - 76.502 
C-SPAt « C-STKAVE^  + C-MSTKAVE^  + C-VALA^  
Input section 
C-FERT. = 67.287 + .0102 C-SPA. - 1.2676 US-FTPI. , - 4.8198 TM61 
(.0043) (.4435) (3.5284) 
+ .4706 C-FERT. , 
(.1770) 
ATS-2 p » .5110 d « 2.29 R^  « .937 MSE » 223.37 
(.1639) 
C-SEED. - .595 + 1.6375 C-AC. - .1170 C-SDPI. , + .3475 C-SEED. , 
* (.1942)  ^(.0340) (.0709) 
2SLS d - 1.88 r2 « .975 MSE = 12.310 
C-LABR+ • 1180.8 + 71.7749 C-AC+ - .7977 C-MSTKAVE. - 35.6428 TIME 
(9.9154) (.3127) (7.9926) 
ATS-1 d = 1.69 R^  » .973 MSE = 28,994.5 
C-MACH. = 5.5201 + .2333 C-MSTKAVE. - .3713 TIME 
* (.0120) (.1429) 
2SLS d « 2.31 - .929 MSE » 74.455 
C-RE+ « 14.656 + .0498 C-VALA+ 
^ (.0010) 
ATS-1 d » .562 r2 » .989 MSE « 34.292 
C-FOR+ « 263.83 - 2.5507 US-MSPI, , + .2540 C-MSTKAVE. - 3.2415 TIME 
(.9283) " (.0735) (1.2877) 
+ .0963 C-FOR. , 
(.2019) 
ALS p = .2734 d » 2.18 ' .885 MSE = 447.40 
(.2444) 
C-MISC^  » 259.90 - 2.4631 US-FSPI. , + 4.3290 TIME - .1064 TIME**2 
* (.6683) (.9461) (.0304) 
+ .0350 C-SPA 
(.0024) 
ATS-1 d « 1.63 R^  « .941 MSE - 214.15 
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C-INT^  - .03 + .0629 C-STKAVE^  
* (.0081)  ^
2SLS d - 2.55 - .705 MSE - 25.695 
C-RETX^  - C-VALA^  * C-TXRT^  
Output section 
C-PR00(ig32.39) • «00126 C-FERT*°®°^  C-SEED*°^ ^^ ° C-LABR*^ ^^ ° 
C-MACH*°®^ ^^  C-RE^ 29961 C-FOR*^ °^ ^^  C-MISC^ 23047 
C-INT*°^ ^^  C-RETX^ °5439 
C-PROD,,^ ,^ « .04502 C-FERTC-SEED'01850 c-LABR'43399 
11940-49/ t t t 
C-MACH'®^ '*91 Q.RE.11398 C-FOR^ 09420 c-MISC*^ ®^®® 
C-INT^ 00704 c-RETX^ 01284 
C-PROD, . - .10002 C-FERT'°5498 C-SEED*®^ ^^  ^C-LABR*^ ®®^  ^
11950-58/ t t t 
C-MACH*®"''*®^  C-RE'14163 C-F0R^ °9426 c-MISCTl2674 
C-INT'OOBG7 C-RETX^ 01521 
C-PROD(^ g^ g • .06230 C-FERT*®^ ^^  ^C-SEED*®^ ^^  C-LABR*^ ^^ 91 
C-MACH*®^ ^^  ^C-RE'^ ^^ ^^  C-FOR^ 10°°4 C-MISC*^ °^^  
C-INT^ 00935 c-RETX^ 02545 
C-SPY • C-PROD + C-GINV , + C-CINV , + C-IMP^ 
t t t-1 t-1 t 
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C-PR. - 3.817 + .4519 C-SPPR. - .0126 (C-SPY. - C-UTIL. ,) 
* (.1151) ' (.2699) * 
- .1598 TIME + .5689 C-PR. , 
(.0743) (.1501) 
ATS-1 d = 2.33 r2 - .753 MSE - 13.636 
C-CD. = 1.037 + .0125 C-BDPI^  + .0983 C-INV^  , + .6766 C-CD^  , 
 ^ (.0185)  ^(.0636) (.1408) 
ALS p « -.0048 d = 1.98 R^  = .657 MSE = .783 
(.2282) 
C-GINV « -1.631 + .4690 C-PROD - .8271 C-CD + .1624 C-SPPR 
* (.2412)  ^(.4933)  ^(.0787) * 
+ .8116 C-GINV. , 
(.1249) 
2SLS d - 1.91 = .633 MSE « 5.62 
C-CINV. « .0685 + .3588 (C-CINV. , + C-GINV. ,) + .4329 C-PROD. 
* (.0693) (.1236) * 
- .4579 C-GINV^  - .1201 C-PR^  + 1.4606 WARDUMY 
(.0890) (.0325) (.6283) 
2SLS d « 1.48 R^  » .795 MSE « .912 
C-EXP. • .336 + 1.0580 C-SPY - 1.0972 C-CD. - 1.0614 C-INV. 
(.0429) (.0307) (.0468) 
- .0579 C-EXP. , 
(.0207) 
2SLS d - 2.25 R^  » .993 MSE » .033 
C-GINC. • 112.77 + 5.3876 C-PROD * C-PR. + .8068 C-GPYT 
* (.1329)  ^ * (.0959)  ^
ATS-1 d « .66 r2 « .983 MSE = 4,755.8 
Tobacco Submodel 
Pre-input section 
T-AC+ - -.0575 - .1687 T-ACATDUMY + .0155 T-PR+ , - .0064 TIME 
(.0695) (.0023) " (.0030) 
+ .7429 T-AC. , 
(.0802) 
ALS p = -.5419 d » 1.81 R^  = .815 MSE « .0187 
(.1578) 
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T-STK. - 73.822 + .0364 T-PROD , + 61.4897 WARDUMY - .0792 T-GINC. 
 ^ (.0364) (21.3597) (.0491) 
+ .6412 G-STK+ 1 
(.1049) 
ALS p » -.5244 d - 1.84 R^  » .547 MSE » 2,360.6 
(.1676) 
T-STKAVE^  « (T-STKt_i + T-STKt)/2 
T-MPUR. = 9.030 + 2.8563 POSTWARDUMY + .0099 T-GINC. , 
 ^ (.9848) (.0011) 
- .0877 US-MHPI 
(.0305) 
LS d = 2.33 r2 = .802 MSE « 2.921 
T-MSTK. » 7.126 + 1.8531 T-MPUR. + .8253 T-MSTK. , 
 ^ (1.0269)  ^(.0843) 
2SLS d - 2.18 R^  = .875 MSE » 225.31 
T-MSTKAVE^  « (T-MSTK^  ^  + T-MSTK^ )/2 
T-PRLA^  - -9.320 + .1228 T-FMSZ^  , + .0094 T-GINC. , + .9066 T-PRLA 
* (.0650) (.0053) (.0740) 
LS d » 2.27 R^  - .972 MSE « 54.593 
T-VALA. = .980 + 11.1412 T-PRLA. * T-AC. 
* (.0040)  ^ t 
ATS-1 d « 2.13 r2 = .999 MSE = .623 
T-SPA^  » T-STKAVE^  + T-MSTKAVE^  + T-VALA^  
Input section 
T-FERT = 29.058 - .3651 US-FTPI^  , + .0155 T-GINC. , + .0090 T-SPA^  
t (.0450) (.0038) (.0022) % 
ATS-2 p = .3386 d = 2.06 R^  « .981 MSE = 4.534 
(.1045) 
T-LABR » 2.563 + 462.1345 T-AC 
(15.6740) 
ALS p • .8704 d - 2,28 R^  » .977 MSE - 380.88 
(.0500) 
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T-MACH^  « .300 + .0920 T-MSTKAVE^  + .1684 T-MACH , 
 ^ (.0112) * (.1005) 
ATS-1 d • 2.58 R » .967 MSE = .718 
T-RE+ » 7.129 + .0586 T-VALA. + 4.2802 TIME**.5 
(.0059) (1.8718) 
ATS-2 p » .3775 d = 1.15 = .973 MSE = 28.226 
(.0590) 
T-FOR. = 45.644 - .6898 US-MSPI. , + .4251 T-MSTKAVE. 
 ^ (.3953) (.1084)  ^
- 1.0043 TIME 
(.5429) 
ATS-2 p = .5289 d « 2.01 R^  = .907 MSE « 52.699 
(.1462) 
T-MISC. « 58.755 + .0252 T-SPA - .8938 US-FSPI 
(.0025) (.0880) 
ATS-2 p « .3586 d - 1.32 R^  = .972 MSE = 11.478 
(.0852) 
T-INT » -.193 + .0640 T-STKAVE 
 ^ (.0036) 
ATS-2 p « -.3645 d « 2.16 R^  = .854 MSE = 3.331 
(.1335) 
T-RETX^  « T-VALA^  * T-TXRT^  
Output section 
T-PR0D(ig22_39) " 11.75250 T-FERT^ O^ O^ l T-LABR-38559 T-MACH^ 01978 
T-RE^ 28661 T-F0R(06364 T-MISC^ ®^ ''^  ^T-INT^ ®^ ^^  
T-RETX^ 03977 
T-PROD,, « 45.63873 T-FERT'O^ ^^ O T-LABR'^ '^ ^^  ^T-MACH'01386 
(1940-49) t t t 
T-RE'13224 •J-.F0R*06521 T-MISC'^ ^^ ^^  T-INT^ Ol^ S* 
T-RETX»01065 
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T - P R O D , , -  4 9 . 4 7 0 1 4  T - F E R T .03709 T - L A B R .32368 T - M A C H .02045 
11950-58/ t t t 
T-RE«16542 T-FOR«06384i-_jyii5c.06375 T-INT^ 00890 
T-RETX^ 01362 
T-PROD, , » 48.58644 T-FERT'O3034 T-LABR'^ O?** T-MACH*®2079 
(1959-67) t t t 
T-RE*20103 T-FOR'°^ ^^ ® T-MISC 0^7527 T-INT*®^ °®^  
T-RETX^ 01599 
T-SPY^  = T-PROD. + T-CINV. , + T-IMP. 
t t t-1 t 
T-PR. » 22.774 + .3495 T-SPPR. - .0038 (T-SPY. - T-UTIL. ,) 
 ^ (.1308)  ^(.0016)  ^
+ .3850 T-PR. , 
(.2327) 
ALS p - .1812 d - 2.22 R^  » .794 MSE - 15.668 
(.2970) 
T-CD. = 785.31 - 2.3746 T-IMP. + .5124 US-PCDI. + .1647 T-CD. , 
(.9109) (.1587) (.1718) 
LS d " 1.76 R^  « .474 MSE « 11,948. 
T-CINV. = -1.967 - 7.7633 T-PR. + .4339 T-PROD. + .8760 T-CINV. , 
(2.6939) (.1093) (.0405) 
ATS-1 d = 1.74 r2 = .978 MSE « 16,086. 
T-EXP^  c 298.052 - .0473 T-FRPD. , + 8.7171 TIME + .6039 T-EXP. , 
 ^ (.0238) (3.1350) (.2237) -^1 
ALS p » -.0890 d = 2.00 R^  = .527 MSE = 5,535.1 
(.2671) 
T-GINC. • 37.342 + .0092 T-PROD. * T-PR. 
* (.0011)  ^ * 





US-ACL » FG-AC. + W-AC. + S-AC. + C-AC. + T-AC. + 0-AC. 
t t t t t t t 
US-STK^  » L-STK^  + FG-STK^  + W-STK^  + S-STK^  + C-STK^  + T-STK^  + 0-STK^  
US-STKAVE^  « L-STKAVE^  + FG-STKAVE^  + W-STKAVE^  + S-STKAVE^  + C-STKAVE^  
+ T-STKAVE^  + 0-STKAVE^  
US-MPUR^  = L-MPUR^  + FG-MPUR^  + W-MPUR^  + S-MPUR^  + C-MPUR^  + T-MPUR^  
+ 0-MPUR^  
US-MSTK. = L-MSTK. + FG-MSTK. + W-MSTK. + S-MSTK. + C-MSTK + T-MSTK 
t  V  X  X  X  X  X  
+ 0-MSTK^  
US-MSTKAVE^  • L-MSTKAVE^  + FG-MSTKAVE^  + W-MSTKAVE^  + S-MSTKAVE^  
+ C-MSTKAVE^  + T-MSTKAVE^  + 0-MSTKAVE^  
US-VALA^  » L-VALA^  + FG-VALA^  + W-VALA^  + S-VALA^  + C-VALA^  + T-VALA^  
+ 0-VALA^  
US-SPA^  - US-STKAVE^  + US-MSTKAVE^  + US-VALA^  
Input section 
US-FERT^  » FG-FERT^  + W-FERT^  + S-VALA^  + C-VALA^  + T-FERT^  + 0-FERT^  
US-SEED^  « FG-SEED^  + W-SEED^  + S-SEED^  + C-SEED^  + Û-SEED^  
US-LABR^  « L-LABR^  + FG-LABR^  + W-LABR^  + S-LABR^  + C-LABR^  + T-LABR^  
+ 0-LABR^  
US-MACH^  • L-MACH^  + FG-MACH. + W-MACH. + S-MACH. + C-MA'JH + T-MACH X  t  X  t  X  X  X  
+ 0-MACH^  
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US-RE^  - L-RE^  + FG-RE^  + W-RE^  + S-RE^  + C-RE^  + T-RE^  + 0-RE^  
US-FOR^  - L-FOR^  + FG-FOR^  + W-FOR^  + S-FOR^  + C-FOR^  + T-FOR^  + O-FOR^  
US-MISC^  - L-MISC^  + FG-MISC^  + W-MISC^  + S-MISC^  + C-MISC^  + T-MISC^  
+ 0-MISC^  
US-INT^  « L-INT^  + FG-INT^  + W-INT^  + S-INT^  + C-INT^  + T-INT^  + 0-INT^  
US-RETX^  » L-RETX^  + FG-RETX^  + W-RETX^  + S-RETX^  + C-RETX^  + T-RETX^  
+ 0-RETX^  
US-ATE^  • (US-FERT^  + US-SEED^  + US-MACH^  + US-RE^  + US-FOR^  + US-MISC^  
+ US-INT^  + US-RETX^  + L-LPUR^  + L-FEED^ ) * US-ADJ^  
Output section 
US-GINC. « L-GINC. + FG-GIWC. + W-GINC. + S-GINC. + C-GINC. + T-GINC X X  X  X  X  X  X  
+ 0-GINC^  
US-NINC^  » US-GINC^  - US-ATE^  
Model Validation 
The fitted mathematical equations used in a simulation model should 
be a reasonably valid representation of the real economic system under 
study. To be valid a simulation model should pass the following tests: 
l) the structural and behavioral relationships used in the model should be 
within the domain of accepted economic theory, 2) the estimation procedures 
used to estimate the equation parameters should be consistent with statis­
tical theory, and 3) the model should predict with reasonable accuracy 
the behavior of the real system (95, 103). 
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The set of theoretically acceptable hypotheses or postulates which 
could be used to describe an economic system is potentially very large. 
The first step in developing the simulation model used in this study was 
to decide on the level of detail desired. The six commodity submodels 
with pre-input, input and output variables were deemed appropriate to 
analyze the effects of alternative government policies and general economic 
conditions on the agricultural sector. Once the model "components" or 
variables to be explained were selected, the next task was to find theo­
retically acceptable variables that explain the behavior of the components. 
Economic theory, a priori knowledge of the agricultural sector and knowl­
edge of explanatory variables used in "similar" simulation studies were 
used to suggest the set of potential explanatory variables for each depend­
ent variable. The "best" fitted equation for each component or dependent 
variable in terms of and mean square error values and coefficient sig­
nificance tests was selected for use in the simulator model. Trial runs 
were made using these selected equations (with least squares or auto-
regressive least squares coefficient estimates) to determine how well 
estimates derived from the simulation procedure compared with the actual 
data series. Equations which predicted the actual observations poorly 
were replaced with alternatively specified equations. The first stage of 
model validation, a theoretically acceptable model specification, permits 
a very large set of possible equation formulations in a simulation model. 
Results from preliminary regressions and simulation runs were used to help 
select the final equation specifications that appear in the model. 
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The second stage in the validation process concerns the appropriate­
ness of the econometric estimation techniques used to estimate the parame­
ters in the model. Once we have found "the model" we should use estimation 
techniques that yield coefficient estimates that are unbiased, or at least 
consistent, and reasonably efficient. The escimation procedures and the 
criteria for selecting coefficient estimates for individual equations are 
discussed in detail in Chapter IV. The criteria for selecting the esti­
mation procedure for the individual equation coefficients are just briefly 
reviewed here. Initially, least squares coefficient estimates were select­
ed for equations that contained only predetermined explanatory variables, 
and two-stage least squares coefficient estimates were selected for equa­
tions that contained current endogenous variables as explanatory variables 
if there was no evidence of autocorrelated errors. If autocorrelated 
errors were suspected, coefficient estimates from an autoregressive tech­
nique were initially chosen. Trial simulation runs were made using the 
selected coefficient estimates for individual equations. If the simula­
tion estimates for a variable were unsatisfactory, the equation coeffi­
cient estimates for that dependent variable were replaced by estimates 
from other estimation procedures and another trial simulation was run. 
The coefficient estimates for each of the equations presented earlier 
represent the final selections after trial runs of the simulation model. 
The third stage of model validation, the ability of the model to 
predict the behavior of the real system reasonably well, was called upon 
earlier to help select the equation specifications and coefficient esti­
mates. The intertwining of the ability to predict aspect of model 
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validation with the other criteria for validation focuses attention on 
the purpose of simulation which is to predict some aspect of reality. 
Ultimately, the success or failure of a simulation model must be measured 
by how well the estimated model predicts the actual behavior of the 
system under study. 
The simulation model generates estimated values for each of the depend­
ent variables over the period 1932-67. The Theil coefficient (123) was 
calculated for each generated series as a measure of the correspondence 
between the predicted and actual variable values. The Theil coefficient 




where the actual observation at time t is denoted by and the predicted 
value at time t is P^ . 
Table 12 contains the Theil coefficients for selected variables for 
the model crops and the United States. 
Figures 2 through 18 contain plots of actual and predicted values of 
certain variables in the commodity submodels and the corresponding varia­
bles for the United States. The variable values generated from the simu­
lation model follow the general trends of the actual observations reason­
ably well. However, many of the turning points in the actual data are 
not duplicated by the model estimates. Graphs of the predicted values 
for a number of the variables tend to be relatively smooth curves through 
the more erratic actual observations. 
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Table 12. Theil-u coefficients for selected variables for model 
commodities and the United States 
Live- Feed United 
Category stock grains Wheat Soybeans Cotton Tobacco States 
Acres — .85 .77 1.^ 1 .84 .72 1.99 
Livestock purchases 
Ending calendar year 
commodity stocks 1.25 .81 1.12 .80 .87 .69 .88 
Machinery purchases .83 .74 .84 1.55 .71 .82 .56 
Ending calendar year 
machinery stocks 1.13 .81 1.12 1.19 .81 .96 .55 
Price of land 
Value of land .68 .82 .81 1.23 1.13 1.02 .69 
Stock of physical 
assets .75 .88 .86 1.19 1.11 1.03 .71 
Livestock feed 
Fertilizer and lime — .47 .80 3.65 1.50 .94 .51 
Seed — 1.38 .76 1.54 .97 — .40 
Labor 1.27 .82 .75 1.83 .73 .73 .65 
Machinery 1.14 .87 1.09 1.20 .85 . 90 .57 
Real estate .70 .75 .80 1.20 1.07 .94 .69 
Fuel, oil, repairs 1.11 1.55 .79 1.02 .78 1.06 1.07 
Miscellaneous .70 . 78 .80 .69 . 98 1.13 .79 
Interest on ending 
calendar year 
commodity stock 1.41 .78 1.06 .78 .80 . 70 .86 












Gross income 1.19 1.10 .83 1.31 .93 .98 .66 
Adjusted total 
expenses — — — — — — .79 
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Figure 2. Actual values and simulation estimates of acreage for model 
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Figure 5. Actual values and simulation estimates of seed demand for 
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Figure 6. Actual values and simulation estimates of man-hour require 
ments for model crops and United States, 1932-67 
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Figure 7. Actual values and simulation estimates of machinery expense 
for model crops and United States, 1932-67 
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Figure 8. Actual values and simulation estimates of real estate expense 
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Figure 9. Actual values and simulation estimates of fuel, oil and 
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Figure 10. Actual values and simulation estimates of miscellaneous 






FEEO GHPIN3 « « I 
t'r" 
o "T 1 1 1 1 1 1 1 





m f I 
T 1 1 1 1 1 1 1 





1 1 1 1 1 1 1 1 
1930 ISWO 1950 1960 1970 
WHEAT 
1930 19110 1950 1960 1970 
COTTON 
1930 1940 1950 1960 1970 
a" 
m T 1 1 1 1 1 1 1 





Figure 11. Actual values and simulation estimates of interest on stocks 
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Figure 12. Actual values and simulation estimates of real estate tax 
expense for model crops and United States, 1932-67 
236 
I 
s -tn m^ 
:8 H 
•g ^  
§ 
i 
FEEO GMPIN3 i 
-I 1—I—I—I—I—I—I 





T 1 1 1 1 1 1 1 














1930 ISWO 1950 1900 1970 
WHEAT 
n—I—I—I—I—I—I—I 
1930 19110 1950 1960 1970 
COTTON 
1930 19110 1950 I960 1970 
LIVESTOCK 
-|—I—I—I—I—I—I—I 
1930 19U0 1950 19S0 1970 
ACTUAL (X) 
SIMULATION C-I 
Figure 13. Actual values and simulation estimates of production for 
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Figure 14. Actual values and simulation estimates of price for model 



























Figure 15. Actual values and simulation estimates of commercial demand 
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Figure 16. Actual values and simulation estimates of gross income for 
model crops and livestock, 1932-67 
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Figure 17. Actual values and simulation estimates of selected live­
stock variables, 1932-67 
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Figure 2 depicts the estimated and actual acreage for the model crops 
and total United States cropland. Due to the drought conditions in 1934, 
the harvested acreages of feed grains and wheat were down considerably 
from previous years. The 1934 acreages of these crops are substantially 
overestimated in the simulation model. The cotton and tobacco acreage 
estimates are also above actual acreages for these crops for 1934, result­
ing in a large cumulative error in the United States 1934 estimate. The 
inclusion of a weather variable in each of the acreage prediction equations 
probably would have reduced the error in the 1934 predicted acreages. 
After 1936, the total cropland acreage estimates correspond closely to 
the actual acreage. Averages for the 1932 to 1967 period for actual 
acreage levels and simulation estimates in millions of acres are 130.3 and 
133.2 respectively for feed grains, 59.2 and 58.5 for wheat, 15.3 and 16.1 
for soybeans, 21.8 and 21.7 for cotton, 1.45 and 1.47 for tobacco and 365.8 
and 368.7 for total cropland. 
The actual and estimated stocks of physical assets are graphed in 
Figure 3 for the model crops and the United States. The generated values 
for feed grains, soybeans and the United States total appear to follow the 
time path of the actual data fairly well. The largest estimation error 
for the United States total asset variable is an overestimation of 6.9 
percent in 1934. For the 1932-67 period, the model overestimates the 
actual data by 2.5 percent or less for feed grains, wheat and cotton. The 
tobacco asset data are overestimated about 3.5 percent on the average 
during the period while the United States estimates average 1.2 percent 
higher than the actual data over the 1932-67 period. 
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Figure 4 depicts the actual and estimated levels of fertilizer used 
on the model crops and all crops. The estimated values for feed grains, 
wheat, tobacco and the United States follow the time path of the actual 
data reasonably well. Overestimation of soybean stock of physical assets 
and lagged soybean gross income variables, which are explanatory variables 
in the soybean fertilizer equation, cause a substantial overestimation of 
soybean fertilizer demand after 1950. Averages for the actual and esti­
mated fertilizer demands in millions of 1947-49 dollars for the 1932-67 
period are 439.5 and 453.8 for feed grains, 95.6 and 97.8 for wheat, 16.3 
and 25.4 for soybeans, 113.3 and 112.4 for cotton, 37.2 and 37.8 for tobac­
co, and 1,119.7 and 1,145.1 for the United States. 
The actual and estimated seed demands are compared in Figure 5. For 
the 1932-67 period, the simulator overestimates seed demands by an average 
of 2.9 percent for feed grains, 5.0 percent for soybeans, .5 percent for 
cotton and 1.6 percent for the United States. Wheat seed demand is under­
estimated by an average of .8 percent during the 1932-67 period. 
Figure 6 contains plots of actual and estimated man-hour requirements 
for the model crops and all United States agriculture. The estimates 
correspond closely with the actual data for all the crops and the United 
States. The averages for the actual and estimated man-hours used in the 
United States during the 1932-67 period are 15,446.0 and 15,486.7 million 
man-hours respectively, for an average overestimation of less than .3 per­
cent. The actual and estimated averages for the 1932-67 period for the 
model crops are (in millions of man-hours) 1,696.6 and 1,719.5 for feed 
grains, 317.8 and 301.3 for wheat, 91.2 and 94.4 for soybeans, 1,653.3 and 
1,659.9 for cotton and 652.7 and 657.9 for tobacco. 
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Figures 7 through 11 show the actual and estimated levels for the 
remaining input variables for the model crops and the United States. The 
actual and estimated values are graphed for machinery expense (Figure 7), 
real estate expense (Figure 8), fuel, oil and repairs expense (Figure 9), 
miscellaneous expense (Figure lO), interest on ending year commodity 
stocks (Figure 11), and real estate tax expense (Figure 12), The United 
States estimates for each of the input categories compare more closely 
with the actual data than for the individual commodities. Errors in the 
input estimates for the individual commodities tend to average out when 
aggregated into national estimates. 
Figure 13 portrays the actual and estimated levels of production for 
the model crops and the number of livestock production units for livestock. 
Averages for actual and estimated production levels for the 1932-67 period 
are 114.6 and 115.4 million tons for feed grains, 1,040.9 and 1,048.6 
million bushels for wheat, 336.1 and 359.9 million bushels for soybeans, 
12.9 and 12.7 million bales for cotton and 1,797.7 and 1,809.1 million 
pounds for tobacco. The 1932-67 period averages for the actual and esti­
mated number of livestock production units are 178.3 and 179.3 respec­
tively. 
The actual and estimated prices for the model commodities are plotted 
in Figure 14. While prediction errors are sizable for some individual 
years, the average error of the 1932-67 period is small. The actual and 
estimated average prices for the 1932-67 period are $39.83 and $40.11 per 
ton for feed grains, $1.55 and $1.47 per bushel for wheat, $2.00 and $2.05 
per bushel for soybeans, 24.52 cents and 23.99 cents per pound for cotton. 
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43.24 cents and 43.44 cents per pound for tobacco and an index of 74.9 and 
73.4 for livestock. 
Figure 15 depicts the actual and estimated commercial demand quanti­
ties for the model crops. The simulation model overestimates average com­
mercial demand for the 1932-67 period by .5, 3.7 and .9 percent for feed 
grains, wheat and soybeans respectively. Commercial demand is underesti­
mated during this period for cotton and tobacco by .7 and .2 percent 
respectively. 
The actual and estimated gross income levels are graphed in Figure 16 
for the model commodities. Again for comparison purposes we present the 
averages of actual and estimated gross income for the entire period simu­
lated, 1932-67. The actual and estimated incomes in millions of 1947-49 
dollars are 1,672.5 and 1,810.5 for feed grains, 1,459.3 and 1,477.2 for 
wheat, 616.5 and 693.4 for soybeans, 1,841.7 and 1,799.8 for cotton, 797.3 
and 810.9 for tobacco, and 13,120.8 and 12,863.6 for livestock. 
Figure 17 shows plots of actual and estimated levels of selected live­
stock variables. 
Figure 18 contains plots of actual and estimated total United States 
agricultural production expenses, gross incomes and net incomes. The 
national production expense estimates reported in this study are comparable 
to estimates given in the Farm Income Situation (178) published by the 
United States Department of Agriculture. The FIS estimates were deflated 
by the Gross National Product inqplicit deflator. To obtain simulation 
estimates of the production expense variable, the ratio of the sum of 
observed input expenditures in 1947-49 dollars for all commodities to the 
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deflated production expenses reported in FIS was formed for all years in 
the observation period. These ratios were read into the computer and 
multiplied times the sum of the simulation input estimates of all commod­
ities for the respective years. 
Averages of the observed and estimated values for total production 
expense are 16,697.0 and 16,945.1, or an overestimation of about 1.5 per­
cent. Gross income was underestimated by .2 percent with the 1932-67 aver­
age of actual data being 27,575.7 while the estimated average is 27,522.8. 
The actual and estimated 1932-67 averages for net farm income are 10,878.7 
and 10,577.7 respectively. In Tables 13 through 18, average levels of the 
observed data of selected variables for 1932-39, 1940-49, 1950-58 and 
1959-67 are reported to the left of the average estimated levels from the 
validation run (Simulation 1). 
Theil-u coefficients, plots of actual and estimated levels for select­
ed variables, comparisons of 1932-67 averages of actual and estimated 
variable levels for key variables and comparisons of actual and estimated 
average variable levels for 1932-39, 1940-49, 1950-58 and 1959-67 are used 
to indicate the model's ability to predict historical data. It is conclud­
ed that the model reproduces the historical data with sufficient accuracy 
to permit using the model to conduct simulation experiments. 
Results of Simulations with Selected Data and Parameter Changes 
So far, a simulation model of United States agriculture has been 
developed, estimates of the model's parameters have been made and the 
predictive ability of the model has been investigated. We are now ready to 
TABLE 13. AVERAGE LEVELS OF SELECTED LIVESTOCK VARIABLES FOR ACTUAL AND SIMULATIONS 
1 THROUGH 8; 1932-39, 1940-49, 1950-58, 1959-67 


























































STOCK PHYSICAL ASSETS (MILLION 1947-49 DOLLARS) 
41046.2 41154.4 41057.6 41077.3 41167.7 41154.4 41167.7 41163.7 41145.1 
44316.2 44058.4 43*74.4 43729.0 44033.7 43704.7 43685.9 44102.8 44008.5 
55539.8 55874.1 54990.2 55652.4 55645.1 55231.3 55064.4 55942.4 55801.7 
67996.3 68463.5 67147.7 68326.9 67989.7 67378.7 67149.4 68570.7 68355.4 
FEED EXPENSE (MILLION 1947-49 DOLLARS) 
1405.3 1912.9 1950.8 1900.7 1915.0 1912.9 1915.0 1909.3 1916.4 
3175.2 3039.3 3280.0 2956.6 3037.0 2973.6 2972.5 3020.4 3061.0 
4219.7 4483.6 4886.2 4402.3 4435.4 4301.2 4265.3 4450.2 4520.2 
6364.2 6175.9 6603.2 6119.7 6073.4 5943.5 5886.2 6141.6 6211.0 
LABOR REQUIREMENTS (MILLION MAN-HOURS) 
5923.1 6177.0 6203.4 6168.2 6178.3 6177.0 6178.3 6174.6 6179.4 
6085.4 5949.0 6032.2 5922.6 5945.4 5913.7 5910.8 5942.6 5956.6 
5004.8 4915.7 5016.6 4903.2 4896.7 4871.4 4858.3 4907.0 4924.6 
3355.3 3416.3 3501.1 3408.1 3386.6 3349.1 3335.2 3409.9 3422.4 
MACHINERY EXPENSE (MILLION 1947-49 DOLLARS) 
102.7 96.9 96.8 96.9 96.9 96.9 96.9 96.9 96.9 
137.3 143.8 142.9 143.9 143.7 143.7 143.7 143.8 143.7 
271.4 264.4 260.0 265.0 264.8 265.8 266.1 264.7 264.0 
285.3 295.7 285.9 296.8 297.8 300.0 301.0 296.5 295.0 
TABLE 13. CONTINUED 





















REAL ESTATE EXPENSE (MILLION 1947-49 DOLLARS) 
1588.9 1575.4 1575.1 1575.5 1575.4 1575.4 1575.4 1575.4 
1729.2 1727.0 1723.9 1727.6 1726.9 1726.9 1726.8 1727.1 
2240.9 2231.7 2216.6 2234.0 2233.0 2236.6 2237.4 2232.7 
2754.6 2788.5 2753.9 2792.4 2795.5 2803.4 2807.0 2791.1 





































MISCELLANEOUS EXPENSE (MILLION 1947-49 DOLLARS) 
483.0 481.1 419.6 484.2 483.0 484.2 483.1 
548.4 536.6 471.6 548.7 541.4 541.9 549.3 
845.2 827.4 776.2 784.3 832.1 772.4 846.6 














INTEREST ON STOCKS ( MILLION 1947-49 DOLLARS) 
741.7 736. 7 737.3 742. 5 741.7 742.5 742. 2 741.2 
806.6 789.7 761. 1 770.3 788.4 769.9 768.9 792. 0 787.2 
855.9 864. 1 835. 1 848.4 849.3 821.1 810.6 866. 5 861.6 
940.1 934.4 908. 1 921.4 898.0 852.8 834.9 936. 9 931.9 
378.7 
REAL 1 ESTATE TAX EXPENSE (MILLION 1947-49 DOLLARS) 
372.6 372. 6 372.7 372.6 372.6 372.6 372. 6 372.6 
312.0 312.0 311. 3 312.1 312.0 312.0 311.9 312. 0 311.9 
416.9 418.5 414. 9 419.1 418.8 419.7 419.9 418. 8 418.2 
557.1 563.0 554. 3 564.0 564.8 566.8 567.7 563. 6 562.4 
TABLE 13. CONTINUED 

















PRODUCTION (MILLION LIVESTOCK UNITS) 
138.7 149.5 151.9 148.7 149.6 149.5 149.6 149.3 149.7 
175.6 164.4 170.0 162.7 164.0 161.7 161.4 163.9 164.9 
183.7 188.3 194.8 187.6 187.0 185.6 184.8 187.8 188.9 
213.2 213.2 218.5 212.7 211.2 208.3 207.4 212.8 213.6 
LIVESTOCK MARKETINGS (1947-49 = 1001 
70.6 78.0 79.7 77.4 78.0 78.0 78.0 77.8 78.1 
97.4 92.8 98.4 91.1 92.6 90.5 90.3 92.4 93.3 
116.6 117.3 124.2 116.4 116.1 114.2 113.4 116.7 117.9 
143.2 143.9 149.9 143.4 141.9 139.4 138.4 143.5 144.4 
62.7 61.0 59.2 
90.4 90.9 84.6 
79.8 75.9 68.0 
63.7 62.4 55.5 
PRICE (1947-49 = 1001 
61.6 60.9 61.0 
92.9 91.1 93.4 
77.0 77.3 79.5 
63.1 64.7 67.5 
60.9 61.2 60.8 
93.5 91.4 90.3 
80.5 76.6 75.2 
68.6 62.9 61.9 
GROSS INCOME (MILLION 1947-49 DOLLARS) 
7262.5 7877.9 7826.8 7890.6 7875.4 7877.9 7875.4 7881.8 7873.8 
14437.9 13769.6 13577.9 13804.8 13774.6 13807.2 13808.7 13779.9 13756.9 
14965.6 14476.6 13735.0 14563.3 14591.7 14753.2 14823.3 14531.6 14417.8 
15020.2 14675.6 13619.9 14771.8 14997.7 15369.6 15510.4 14750.1 14601.6 
TABLE 14. AVERAGE LEVELS OF SELECTED FEED GRAIN VARIABLES FOR ACTUAL AND SIMULA­
TIONS 1 THROUGH 8; 1932-39, 1940-49, 1950-58, 1959-67 









ACRES (MILLION ACRES) 
149.6 141.8 147.2 149.6 149.6 149.6 150.2 148.9 
138.8 140.2 137.9 136.3 136.6 134.2 138.7 138.8 
134.9 137.9 134.3 132.2 136.5 134.0 134.7 135.4 





STOCK PHYSICAL ASSETS (MILLION 1947-49 DOLLARS» 
15166.1 16072.4 13886.6 15914.2 16070.3 16072.4 16070.3 16282.4 15864.8 
17750.4 18781.8 15811.2 18729.6 18588.8 18594.4 18339.5 19031.6 18476.5 
23220.9 24208.6 21066.1 24153.2 23902.1 24352.1 24001.8 24480.5 23972.2 





FERTILIZER EXPENSE (MILLION 1947-49 DOLLARS» 
55.0 70.6 43.8 16.3 83.4 70.6 83.4 73.3 68.0 
189.9 214.9 138.6 121.6 133.4 211.1 128.8 221.3 207.3 
476.0 504.8 416.6 413.3 264.7 505.9 264.1 512.9 497.1 





SEED EXPENSE (MILLION 1947-49 DOLLARS) 
157.3 176.3 163.3 172.3 176.4 176.3 176.4 177.5 175.2 
206.9 206.7 205.6 204.2 202.5 202.3 198.2 206.7 206.4 
235.9 232.2 239.5 231.0 226.3 235.1 229.7 231.7 233.3 





LABOR REQUIREMENTS (MILLION MAN-HOURS) 
2797.4 2921.4 2830.3 2889.1 2921.5 2921.4 2921.5 2928.8 2913.9 
2279.1 2212.5 2269.7 2196.1 2179.7 2178.2 2146.4 2208.0 2216.2 
1163.0 1226.7 1319.1 1215.6 1186.0 1238.5 1204.8 1218.1 1238.3 
604.6 596.2 1039.1 586.3 542.1 648.3 611.9 588.6 602.8 
TABLE 14. CONTINUED 





























MACHINERY EXPENSE (MILLION 1947-49 DOLLARS) 
513.0 502.4 514.4 512.8 513.0 512.8 
640.8 604.0 644.9 641.6 646.1 646.3 
1092.9 1042.5 1095.6 1096.9 1100.8 1102.4 





REAL ESTATE EXPENSE (MILLION 1947-49 DOLLARS) 
556.7 460.5 557.6 555.6 556.7 555.6 
636.0 509.6 644.2 630.1 652.4 642.8 
790.2 656.4 792.9 788,9 820.3 811.3 














































MISCELLANEOUS EXPENSE (MILLION 1947-49 DOLLARS) 
175.9 147.2 144.2 177.7 175.9 177.7 178.7 
211.0 168.6 179.0 209.4 208.4 205.9 214.5 
313.5 269.3 284.1 284.8 315.5 286.1 317.4 



















































TABLE 14. CONTINUED 
YEARS ACTUAL SIM 1 SIM 2 SIM 3 SIM 4 SIM 5 SIM 6 SIM 7 SIM 8 
I 
1 REAL ESTATE TAX EXPENSE (MILLION 1947-49 DOLLARS) 
1932-39 \ 128.4 133.6 111.7 133.7 133.3 133.6 133.3 135.7 131.5 
1940-49 1 108.4 118.1 93.6 119.7 117.0 121.0 119.2 120.2 115.5 
1950-58 1 145.6 154.3 127.5 154.8 154.0 160.2 158.4 156.6 152.3 
1959-67 1 
1 
222.0 212.7 208.0 212.6 209.6 228.4 222.5 214. 1 211.3 
1 
1 PRODUCTION (MILLION TONS) 
1932-39 1 78.6 83.0 74.5 77.4 83.5 83.0 83.5 83.8 82.3 
1940-49 1 106.2 107.2 100.0 102.4 104.6 92.6 90.3 107.7 106.5 
1950-58 1 118.7 120.1 111.5 117.2 112.3 108.4 104.0 120.8 119.5 
1959-67 1 
1 
151.7 148.7 151.3 145.7 133.7 98.2 92.5 149.3 148.1 
1 
1 PRICE (DOLLARS PER TON) 
1932-39 1 37.65 37.54 22.95 42.87 37.13 37.54 37.13 38.72 36.31 
1940-49 1 51.02 46.97 26.25 51. 18 49.21 59.84 61.83 48.68 45.00 
1950-58 1 41.25 41.68 21.10 43.68 47.04 49.70 52.75 43.36 40. 00 
1959-67 1 
1 
27.90 33.19 16.05 34. 54 39.99 55.65 58.23 34.35 32.09 
1 
1 GROSS INCOME (MILLION 1947-49 DOLLARS) 
1932-39 1 587.9 841.6 614. 5 871.7 838.7 841.6 838.7 862.2 620.4 
1940-49 1 1466.6 1604.5 1216.0 1635.3 1623.1 1683.9 1691.7 1638.2 1565.6 
1950-58 1 1851.2 1979. 4 1553.4 1997.7 2024.5 2041.9 2057.8 2016.8 1943.3 
1959-67 1 
1 
2686.8 2731.7 1842.8 2746.8 2795.2 2811.7 2798.9 2762.6 2702.2 
TABLE 15. AVERAGE LEVELS OF SELECTED WHEAT VARIABLES FOR ACTUAL AND SIMULATIONS 1 
THROUGH 8; 1932-29, 1940-49, 1950-58, 1959-67 
YEARS ACTUAL SIM 1 SIM 2 SIM 3 SIM 4 SIM 5 SIM 6 SIM 7 SIM 8 
1 
1 ACRES (MILLION ACRES) 
1932-39 1 60.0 59.6 60.4 61.3 59.5 59.6 59.5 59.6 59.6 
1940-49 1 64.4 62.4 62.0 64.1 63.6 65.9 67.0 62.8 62.0 
1950-58 1 59.8 60.2 61.5 60.9 62.4 61.7 63.3 60.8 59.6 
1959-67 1 
1 
52.2 51.5 60.4 52.0 54.4 54.7 56.3 51.8 51.1 
1 
1 STOCK PHYSICAL ASSETS (MILLION 1947-49 DOLLARS) 
1932-39 1 4194.8 4543.6 4570.1 4669.5 4535.3 4543.6 4535.3 4545. 8 4541.5 
1940-49 1 5556.9 5623.8 4908.7 5775.6 5766.0 5968.7 6076.5 5713.1 5527.5 
1950-58 1 6651.3 7088.4 6265.8 7185.7 7366.4 7281.1 7472.7 7227.5 6929.8 
1959-67 1 
1 
7892.5 7577.1 7795.3 7662.6 7987.0 8029.2 8226.2 7693.4 7470.5 
1 
1 FERTILIZER EXPENSE (MILLION 1947-49 DOLLARS) 
1932-39 1 19.8 15.7 15.8 2.0 19.4 15.7 19.4 15.8 15.7 
1940-49 1 46.3 5-9.0 54.1 38.4 27.9 62.0 30.6 59.7 58.2 
1950-58 1 105.8 112.2 101.8 93.3 47.5 114.4 48.9 113.6 110.6 
1959-67 1 
1 
207.4 199.6 201.0 183.8 102.6 203.7 104.7 200.8 198.4 
1 
SEED EXPENSE (MILLION 1947-49 DOLLARS) 
1932-39 1 151.6 150.5 152.3 153.9 150.3 150.5 150.3 150.6 150.5 
1940-49 1 160.3 157.5 156.6 160.7 161.1 165.4 168.8 158.4 156.5 
1950-58 1 149.9 153.1 156.0 154.2 159.8 156.6 162.0 154.4 151.7 
1959-67 1 
1 
140.1 135.8 156.2 136.7 142.8 143.2 147.3 136.7 135.0 
1 LABOR REQUIREMENTS (MILL ION MAN-•HOURS) 
1932-39 1 485.9 476.1 481.0 485.7 475.5 476.1 475.5 476.2 476.0 
1940-49 1 407.3 398.2 408.1 406.1 404.5 417.2 423. 8 399. 5 396.7 
1950-58 1 241.6 234.4 276.7 236.9 244.4 239.8 247.8 234.7 234.0 
1959-67 1 145.2 137.3 224.7 139.3 150.7 152.7 161.2 136.7 138.3 
TABLE 15. CONTINUED 





















MACHINERY EXPENSE (MILLION 1947-49 DOLLARS) 
101. 5 103.3 103.2 104.8 103.1 103.3 103.1 103. 3 103.3 
139. 6 149.7 132.3 153.5 151.5 154.3 155.0 151. 4 148.0 
255. 5 271.5 223.6 274.4 277.2 277.4 280.9 275. 8 266.4 
246. 6 244.5 202.9 246.9 252.3 252.0 255.2 249. 0 240.0 
182. 
REAL ESTATE EXPENSE (MILLION 1947-49 DOLLARS) 
6 193.0 194.4 200.1 192.6 193.0 192.6 193. 1 192.9 
235. 6 236.1 204.4 243.9 243.4 254.3 260.1 240. 1 231.7 
266. 2 280.5 251.5 285.2 294.6 289.9 299.9 286. 3 274.0 
319. 1 310.1 329.2 314.4 331.4 333.7 344.3 314. 7 306.1 
74. 
FUEL, OIL AND REPAIRS EXPENSE (MILLION 1947-49 DOLLARS) 
7 80.4 81.7 51.4 77.9 80.4 77.9 80. 5 80.4 
175. 1 170.4 160.9 146.7 115.3 178.8 123.1 172. 0 168.8 
257. 6 261.7 239.6 238.8 182.4 267.4 185.9 264. 9 258.1 
259. 1 260. 7 255.1 239.5 160.3 270.1 165.2 263. 7 257.8 
MISCELLANEOUS EXPENSE (MILLION 1947-49 DOLLARS) 
57. 6 65. 1 65.4 51.9 65.8 65.1 65.8 65. 1 65.1 
80. 3 79.6 70.0 66.4 82.0 84.6 86.4 80. 9 78.3 
108. 6 115.2 102.2 102.4 107.0 118.1 108.7 117. 3 112.9 
170. 0 165.3 168.4 154.6 136.5 171.8 140. 0 167. 0 163.7 
INTEREST ON STOCKS (MILLION 1947-49 DOLLARS) 
30. 0 41.7 41.7 40.3 41.8 41.7 41.8 41. 7 41.7 
51. 7 45.5 45.3 44.2 44.7 42.9 42.1 45. 6 45.4 
47. 6 50.6 48.3 50.0 48.8 49.3 47.8 50. 9 50.3 
53. 0 51.4 51.9 50.8 48.2 48.0 46. 1 51. 8 51.1 
TABLE 15. CONTINUED 
YEARS ACTUAL SIM 1 SIM 2 SIM 3 SIM 4 SIM 5 SIM 6 SIM 7 SIM 8 
1 
1 REAL ESTATE TAX EXPENSE (MILLION 1947-49 DOLLARS) 
1932-39 1 39.0 41.1 41.4 42.7 40.9 41.1 40.9 41.1 41.0 
1940-49 1 41.2 42.5 36.9 44.3 44.0 46.3 47.4 43.3 41.7 
1950-58 1 48.0 51.4 45.6 52.3 54.3 53.3 55.4 52.5 50.0 
1959-67 1 
1 
63.4 60.4 64.5 61.3 65.0 65.5 67.8 61.4 59.5 
1 
1 PRODUCTION (MILLION BUSHELS) 
1932-39 1 703.5 732.0 737.4 649.3 735.3 732.0 735.3 732.2 731.8 
1940-49 1 1064^ 2 1073.8 1036.3 1038.4 1026.5 951.6 906.4 1079.8 1067.4 
1950-58 1 1091. 8 1117.0 1052.3 1092.2 1036.2 1066.3 1010.2 1128.4 1103.7 
1959-67 1 
1 
1264.1 1233.7 1260.7 1209.3 1096.3 1062.2 987.9 1248.7 1219.7 
1 
1 PRICE (DOLLARS PER BUSHEL) 
1932-39 1 1.37 1.09 1.03 1.34 1.08 1.09 1.08 1.09 1.08 
1940-49 1 1.84 1.75 1.13 1.86 1.90 2.15 2.29 1.80 1.69 
1950-58 1 1.73 1.63 1.04 1.71 1.87 1.78 1.94 1.69 1.58 
1959-67 1 
1 
1.20 1.35 0.93 1.40 1.65 1.72 1.88 1.38 1.31 
1 
1 GROSS INCOME (MILLION 1947-49 DOLLARS) 
1932-39 1 699.0 639.7 607.6 702.5 637.0 639.7 637.0 643.7 635.8 
1940-49 1 1699.7 1696.2 1040,2 1745.0 1765.9 1833.3 1871.8 1753. 1 1632.1 
1950-58 1 1685.9 1683.2 1020.8 1718.3 1784.7 1747.6 1806.4 1754.2 1605.9 
1959-67 1 1641.6 1772.3 1121.6 1801.0 1902.0 1921.3 1951. 1 1831.2 1719.8 
TABLE 16. AVERAGE LEVELS OF SELECTED SOYBEANS VARIABLES FOR ACTUAL AND SIMULATIONS 
1 THROUGH 8; 1932-39, 1940-49, 1950-58, 1959-67 

















































ACRES (MILLION ACRES» 
2.8 2.3 2.3 2.3 
8.4 8.7 11.1 11.1 
20.0 19.6 23.6 23.2 






























FERTILIZER EXPENSE (MILLION 1947-49 DOLLARS) 
0.6 2.9 1.0 0.6 0.6 0.6 
2.7 16.7 2.5 2.6 5.8 5.7 
22.7 45.6 22.1 21.9 36.7 35.7 
75.3 97.8 73.7 70.7 101.9 98.0 
SEED EXPENSE (MILLION 1947-49 DOLLARS) 
10.0 20.8 11.9 10.2 10.0 10.2 
36.3 58.9 33.6 34.5 43.9 43.8 
80.4 106.3 78.6 77.1 92.8 91.2 
126.1 151.7 123.9 118.3 131.8 129.1 
LABOR REQUIREMENTS (MILLION MAN-HOURS) 
32.4 55.6 36.5 32.7 32.4 32.7 
65.3 119.2 63.8 65.6 86.2 86.0 
116.6 173.5 112.6 109.5 143.7 140.3 
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162.9 
TABLE 16. CONTINUED 





















MACHINERY EXPENSE (MILLION 1947-49 DOLLARS) 
7.8 11.8 12.1 11.9 11.8 11.8 11.8 11.8 11.8 
37.9 42.0 44.5 43.4 42.2 43.1 43.0 41.6 42.6 
138.9 129.7 120.9 133.1 132.0 139.0 139.2 130.0 129.3 
247.1 281.7 245.8 286.8 288.8 308.0 308.1 284.5 278.7 
REAL ESTATE 
9.1 8.5 18.6 
40.8 40.9 64.5 
108.9 123.6 146.8 
233.5 256.6 270.0 
EXPENSE (MILLION 1947-49 
10.3 8.7 8.5 
40.5 41.3 53.5 
121.6 120.3 149.9 
253.3 245.9 283.4 
DOLLARS! 
8.7 7.7 9.4 
53.4 39.3 43.1 
147.6 121.9 125.6 
276.8 256.7 256.4 
FUEL, OIL AND REPAIRS EXPENSE (MILLION 1947-49 DOLLARS) 
4.8 6.8 7.0 2.4 6.4 6.8 6.4 6.8 6.8 
38.5 39.8 41.7 35.2 29.3 40.7 29.9 39.5 40.1 
114.2 111.8 105.1 109.4 96.7 118.9 102.2 112.1 111.5 
207.4 230.0 202.9 229.2 214.1 249.7 228.7 232.1 227.1 
MISCELLANEOUS EXPENSE (MILLION 1947-49 DOLLARS) 
6.4 6.9 8.7 2.6 7.3 6.9 7.3 6.8 7 
17.6 15.2 21.1 9.4 15.7 17.2 17.6 14.7 15 
37.8 43.2 48.7 37.6 38.8 48.3 43.9 42.8 43 
119.2 126.8 129.3 121.8 112.9 132.6 119.3 126.8 126 
INTEREST ON STOCKS (MILLION 1947-49 DOLLARS) 
1.6 2.0 2.7 1.7 2.0 2.0 2.0 1.9 2 
9.6 9.6 12.0 9.1 9.3 7.2 7.0 9.3 9 
23.0 23.4 25.6 23.1 22.6 18.3 17.7 23.2 23 
43.3 46.7 47.3 46.3 44. 8 32.4 31.3 46.7 46 
TABLE 16. CONTINUED 
YEARS ACTUAL SIM 1 SIM 2 SIM 3 SIM 4 SIM 5 SIM 6 SIM 7 SIM 8 
1 
1 REAL ESTATE TAX EXPENSE (MILLION 1947-^9 DOLLARS) 
1932-39 1 2.1 2.0 4.3 2.4 2.0 2.0 2.0 1.8 2.2 
1940-49 1 7.1 7.0 11.6 6.9 7.1 9.3 9.3 6.7 7.4 
1950-58 1 20.1 23.2 27.7 22.8 22. 5 28.3 27.9 22.8 23.6 
1959-67 1 
1 
45.6 50.2 52.9 49.6 48.1 55.7 54.3 50.2 50.2 
1 
1 PRODUCTION (MILLION BUSHELS) 
1932-39 1 41.6 39.4 58.0 34.3 39. 5 39.3 39.5 37.2 41.4 
1940-49 1 179.9 176.1 213.0 169.3 171.8 135.5 131.4 172.4 179.8 
1950-58 1 391.2 407.3 439.1 402.3 392.6 314.9 303.9 404.2 410.7 
1959-67 1 
1 
731.9 801.5 804.6 795.6 769.6 539.7 521.4 802.5 800.4 
1 
1 PRICE (DOLLARS PER BUSHEL) 
1932-39 1 1.56 1.60 1.58 2.02 1.58 1.60 1.58 1.60 1.60 
1940-49 1 2.52 2.50 1.82 2.71 2.62 3.74 3.85 2.57 2.43 
1950-58 1 2.02 2.17 1.60 2.22 2.32 3.16 3.28 2.22 2.11 
1959-67 1 
1 
1.73 1.84 1.45 1.87 1.99 3.02 3.11 1.88 1.30 
1 
1 GROSS INCOME (MILLION 1947-49 DOLLARS) 
1932-39 1 50.6 53.1 81.5 58.9 52.7 53.2 52.7 49.8 56.2 
1940-49 1 425.9 420.3 366.6 435.0 430. 5 462.7 465.0 423.1 417.2 
1950-58 1 720.8 842. 8 670.9 853.0 871.5 948.7 949.6 858.3 827.4 
1959-67 1 
1 
1232.9 1416.4 1113.8 1426.9 1469.0 1576.3 1565.3 1447.7 1385.1 
TABLE 17. AVERAGE LEVELS OF SELECTED COTTON VARIABLES FOR ACTUAL AND SIMULATIONS 1 
THROUGH 8;» 1932-39, 1940-49, 1950-58, 1959-67 
YEARS ACTUAL SIM 1 SIM 2 SIM 3 SIM 4 SIM 5 SIM 6 SIM 7 SIM 8 
1 
1 ACRES (MILLION ACRES) 
1932-39 1 30.9 30.2 31.3 30.4 30.2 30.2 30.2 30.2 30.l' 
1940-49 1 22.4 24.7 26.2 24.9 24.9 25.1 25.3 24.8 24.6 
1950-58 1 20.6 19.3 22.4 19.4 19.6 20.1 20.3 19.4 19.2 
1959-67 1 
1 
14.3 13.4 18.7 13.5 14.0 14.7 15.1 13.5 13.3 
1 
1 STOCK PHYSICAL ASSETS (MILLION 1947-49 DOLLARS) 
1932-39 1 5717.6 5508.7 5042.2 5727.0 5500.3 5508.7 5500.3 5600.8 5419.2 
1940-49 1 4581.4 5579.5 4540.8 5775.2 5795.5 5957.9 6111.3 5778. 0 5386.4 
1950-58 1 5882.0 6613.1 6264.3 6704.4 6926.4 7306.9 7455.6 6834.5 6398.5 
1959-67 1 
1 
6128.9 5 029.7 6160.3 5089.3 5488.0 5733.5 5750.2 5163.5 4900.5 
1 
1 FERTILIZER EXPENSE ( MILLION 1947-49 DOLLARS) 
1932-39 1 59.3 51.6 42.8 31.9 52.6 51.6 52.6 53.1 50.1 
1940-49 \ 72.9 93.4 76.8 71.0 56.5 100.0 62.0 96.8 90.0 
1950-58 1 138.6 156.5 145.3 135.8 83,6 168.8 93.2 160.8 152.2 
1959-67 1 
1 
180.9 143.6 164.1 126.2 36.6 157.1 42.1 146.3 141.1 
1 
1 SEED EXPENSE (MILLION 1947-49 DOLLARS) 
1932-39 1 70.9 68.7 70.7 68.2 69.1 68.7 69.1 68. 8 68.6 
1940-49 1 41.1 48.2 52.9 47.4 53.1 49.2 54.0 48.5 48.0 
1950-58 1 36. 4 35.7 42.6 34.5 41.4 37.6 43.2 36.1 35.4 
1959-67 1 
1 
27.6 23.1 36.5 22.2 26.4 26.3 29.2 23.3 22.8 
1 
1 LABOR REQUIREMENTS ( MILL ION VlAN-•HOURS) 
1932-39 1 2857.6 2854.6 2952.9 2889.2 2856.9 28 54.6 2856.9 2855.4 2853.8 
1940-49 1 1972.5 2 064.2 2222.9 2103.4 2101.8 2081.3 2121.1 2064.8 2063.5 
1950-58 1 1276.3 1206.1 1499.3 1241.8 1231.6 1240.7 1270.9 1203.9 1207.9 
1959-67 1 605.2 602.4 1028.5 642.6 615.0 677.2 695.9 601. 3 603.2 
TABLE 17. CONTINUED 


























































263. 3 253.3 231.0 265.1 253.0 253.3 253.0 257. 8 248.9 
213. 5 255.5 206.8 266.1 267.5 273.2 282.2 265. 1 246.2 
264. 7 300.7 287.0 306.8 315.9 333.0 340.7 311. 4 290.4 277. 5 229.4 288.0 234. 1 249.3 261.2 261.2 235. 8 223.2 
77. 
FUEL, OIL AND REPAIRS EXPENSE (MILLION 1947-49 DOLLARS) 
7 89.8 84.0 47.9 86.7 89.8 86.7 90. 6 89.1 
156, 4 147.0 131.0 107.2 76.0 150.7 78.9 149. 4 144.7 190. 2 193.0 168.1 154.8 96.1 200.4 101.0 196. 9 169.3 
148. 0 136.5 122.2 99.4 26.7 143.6 27.3 139. 6 133.5 
214. 
MISCELLANEOUS EXPENSE (MILLION 1947-49 DOLLARS) 
3 209.3 192.9 190.2 210.7 209.3 210.7 212. 5 206.1 
201. 6 231.3 194.9 211.7 238.6 244.6 249.7 238. 3 224.5 256. 7 289.4 277.2 268.3 278.6 313.7 297.1 297. 2 281.9 
297. 7 255.0 294.6 236.6 210.7 279.7 219.9 259. 7 250.5 
26. 
INTEREST ON STOCKS (MILLION 1947-49 DOLLARS) 
3 25.0 25.1 25.3 25.0 25.0 25.0 24. 9 25.0 
15. 4 20.6 20.4 21.3 20.9 21.3 21.5 20. 4 20.7 
20. 3 18.1 19.1 18.4 19.0 19.4 19.9 17. 8 18.5 20. 9 19.6 20.0 20.0 20.9 22.1 22.5 19. 3 20.0 
TABLE 17. CONTINUED 
YEARS ACTUAL SIM 1 SIM 2 SIM 3 SIM 4 SIM 5 SIM 6 SIM 7 SIM 8 
1 
1 REAL ESTATE TAX EXPENSE (MILLION 1947-49 DOLLARS) 
1932-39 1 52.2 50.5 45.9 52.8 50.4 50.5 50.4 51.3 49.6 
1940-49 1 25.3 30.5 25.0 32.0 32.0 32.8 33.9 31.7 29.4 
1950-58 1 29.0 33,6 32.1 34.3 35.4 37.3 38.2 34. 8 32.4 
1959-67 \ 
1 
31.8 25.7 32.7 26.2 28.0 29.5 29.5 26.4 24.9 
1 
1 PRODUCTION (MILLION BALES) 
1932-39 1 12.7 12.1 11.4 10.8 12.1 12.1 12.1 12.3 11.9 
1940-49 1 12.0 12.9 12.4 12.2 12.1 11.5 10.6 13.1 12.7 
1950-58 1 13.4 13.7 14.1 13.3 12.6 10.5 9.5 13.9 13.6 
1959-67 1 
1 
13.4 11.9 14.7 11.4 9.1 6.1 4.4 12.1 11.7 
1 
I PRICE (CENTS PER POUND) 
1932-39 1 18.07 18.43 8.86 24. 56 18.46 18.43 18.46 19.56 17.29 
1940-49 ! 28.69 27.98 8.62 32.42 33.44 37.25 42.69 30.43 25. 53 
1950-58 1 29.45 27.58 8.62 30.14 34.73 47.29 53.47 30.33 24.63 
1959-67 \ 
1 
20.69 20.93 8.61 23.63 36.32 51.95 60. 84 23.35 18.51 
1 
1 GROSS INCOME (MILLION 1947-49 DOLLARS) 
1932-39 1 1300.5 1289.0 658.7 1501.4 1287.4 1289.0 1287.4 1378.1 1202.4 
1940-49 1 1987.3 2 074.4 686.5 2252.0 2306.9 2398.2 2560.7 2274.2 1879.0 
1950-58 1 2232.3 2169.3 768.0 2289.6 2469.7 2752.6 2806.8 2404.6 1939.7 
1959-67 1 
1 
1770.3 1579.4 792.2 1688.3 1966.3 1926.5 1659.9 1761.0 1403.5 
TABLE 18.  AVERAGE LEVELS OF SELECTED TOBACCO VARIABLES FOR ACTUAL AND SIMULATIONS 1 
THROUGH 8; ,  1932-39,  1940-49,  1950-58,  1959-67 
YEARS ACTUAL SIM 1 SIM 2 SIM 3 SIM 4 SIM 5 SIM 6 SIM 7 SIM 6 
ACRES (MILLION ACRES» 
1932-39 1.6 1. 5 1.5 1.6 1.5 1.5 1.5 1.5 1.5 
1940-49 1.6 1.7 1.4 1.8 1.7 1.7 1.7 1.7 1.6 
1950-58 1.5 1.6 1.1 1.7 1.7 1.6 1.7 1.7 1.5 
1959-67 1.1 1.1 0.7 1.1 1.2 1.2 1.3 1.1 1.0 
STOCK PHYSICAL ASSETS (MILLION 1947-49 DOLLARS) 
1932-39 1677.5 1597.2 1597.2 1599.9 1593.2 1597.2 1593.2 1597.2 1597.2 
1940-49 1855.2 1990.2 1307.2 2112.8 1980.5 2042.7 2032.7 2129.9 ' 1859.2 
1950-58 2293.3 2 510.2 1245.0 2608.3 2657.7 2465.6 2614.8 2716.9 2314.2 
1959-67 2428.5 2421.5 1388.2 2493.8 2659.8 2741.1 2985.4 2580.4 2267.1 
FERTILIZER EXPENSE (MILLION 1947-49 DOLLARS) 
1932-39 16.6 16.8 16.8 12.1 17.0 16.8 17.0 16.8 16.8 
1940-49 33.3 34.1 23.1 31.4 26.6 34.8 27.3 36. 0 32.3 
1950-58 45.3 47.8 28.0 45.5 36.6 46.8 35.7 50.6 • 45.1 
1959-67 51.7 50.9 34.7 48.8 34. 5 54.0 37.6 '53.0 48.8 
LABOR REQUIREMENTS (MILLION MAN-HOURS) 
1932-39 632.1 601.9 601.9 618. 8 600.9 601.9 600.9 601.9 601.9 
1940-49 727.8 751.6 637.9 800.1 762.7 759.6 771.1 780. 5 722.8 
1950-58 703.6 756. 8 511.0 785.5 802.3 761.0 807.4 793.4 720.0 
1959-67 536.8 504.6 335.9 522.0 555.3 574.5 627.3 529.6 479.5 
1 
1 MACHINERY EXPENSE (MILLION 1947-49 DOLLARS) 
1932-39 1 6.6 7.1 7.1 6.5 7.0 7.1 7.0 7.1 7.1 
1940-49 11.1 11.2 9.5 10.2 10.5 11.2 10.5 11.4 10.9 
1950-58 17.2 16.6 11.2 15.7 15.7 16.5 15.6 17.2 15.9 
1959-67 1 15.3 14.5 9.1 13.5 14.9 14.5 14.8 15.1 14.0 
TABLE 18.  CONTINUED 





















REAL ESTATE EXPENSE (MILLION 1947-49 DOLLARS) 
101*4 98.9 98.9 99.6 98.7 98.9 98.7 
120.1 125.9 84.6 134.0 125.8 129.1 129.0 
154.7 163.2 88.4 169.6 172.7 160.7 170.3 

























22.4 22.4 12.0 21.6 22.4 21.6 22.4 22.4 
46.2 39.5 34.8 27.7 46.2 27.7 47.1 45.3 
64. 5 43.6 54.2 38.1 64.0 37.7 67.0 62.0 
53.7 32.9 43.3 2 5.4 53.5 25.1 55.9 51.5 
MISCELLANEOUS EXPENSE (MILLION 1947-49 DOLLARS) 
34.6 34.6 25.7 34.7 34.6 34.7 34.6 34.6 
45.7 28.5 39.1 45.3 47.0 46.6 49. 2 42.4 
66. 6 34.7 60.2 62.4 65.4 61.3 71.8 61.6 
78. 3 52.3 72.7 62.4 86.4 70.6 82.3 74.4 
INTEREST ON STOCKS (MILLION 1947-49 DOLLARS) 
14.3 14.3 14.1 14.3 14.3 14.3 14.3 14,3 
14.1 16.6 13.7 14.0 14.0 14.0 13.9 14.4 
8. 6 12.5 8.4 8.2 8.6 8.1 8.3 9.0 
9.2 12.1 9.0 8.7 8.4 7.9 9.0 9.3 
REAL ESTATE TAX EXPENSE (MILLION 1947-49 DOLLARS) 
14.3 14.3 14.4 14.2 14.3 14.2 14.3 14.3 
11.6 7.1 12.6 11.6 11.9 11.9 12.5 10.8 
14.4 6.1 15.1 15.4 14.1 15.1 15.7 13.1 
13.6 7.1 14.1 15.1 15.7 17.2 14.6 12.6 
TABLE 18.  CONTINUED 













PRODUCTION (MILLION POUNDS) 
1346.8 1317.5 1317.5 1216.2 1315.0 1317.5 1315.0 1317.5 1317.5 
1685.0 1703.8 1444.8 1695.0 1638.3 1755.2 1682.5 1753.9 1654.1 
2076.9 2160.2 1546.7 2156.5 2118.2 2008.9 1976.3 2244.4 2076.3 
2044.7 2011.9 1482.1 2005.0 1967.7 1918.6 1859,0 2083.4 1940.2 
PRICE (CENTS PER POUND) 
32.49 30.34 30.34 31.71 30.31 30.34 30.31 30.34 30.34 
48.34 51.16 31.29 52.82 52.03 51.16 52.10 52.80 49.51 
45.84 46.88 28.61 47.64 48.75 48.09 49.91 47.93 45.82 
44.54 43.05 26.66 43.58 44.91 46.13 48.20 43.88 42.23 
GROSS INCOME (MILLION 1947-49 DOLLARS! 
427.7 638.9 438.9 425.9 437.7 438.9 437.7 438.9 438.9 
850.3 880.0 486.7 902.0 862.4 904.8 886.0 931.4 830.4 
958.7 1006.2 477.9 1019.9 1024.3 961.6 980.4 1064.9 949.1 
905.6 869.3 433.8 876.3 885.4 886.6 896.6 913.6 825.9 
TABLE 19,  AVERAGE LEVELS OF SELECTED U.S.  VARIABLES FOR ACTUAL AND SIMULATIONS 1 
THROUGH 8;  1932-39,  1940-49,  1950-58,  1959-67 





ACRES (MILLION ACRES) 
375.4 383.7 380.6 383.7 383.6 383.7 383.6 384.1 383.2 
374.0 372.2 380.9 373.1 371.2 376.4 375.3 372.3 372.2 
373.1 377.4 390.9 377.2 376.4 384.4 383.6 377.4 377.6 
340.7 342.6 391.1 342.2 340.7 353.4 252.1 342.5 342.7 
STOCK PHYSICAL ASSETS (MILLION 1947-49 DOLLARS) 
1932-39 I 83755. 84837. 82282. 84947. 84832. 84837. 84832. 85136. 84544. 
1940-49 1 91457. 93611. 88147. 93693. 93729. 93998. 93954. 94293. 92885. 
1950-58 I 116291. 119554. 113534. 119537. 119661. 120362. 120267. 120426. 118716. 





FERTILIZER EXPENSE (MILLION 1947-49 DOLLARS) 
272.0 277.1 243.9 185.3 295.0 277.1 295.0 281.3 273.1 
623.5 682.3 587.5 543.0 525.3 691.8 532.6 694.2 669.2 
1250.8 1315.1 1208.5 1181.1 925.5 1343.7 948.7 1330.4 1300.5 





SEED EXPENSE (MILLION 1947-49 DOLLARS) 
309.8 324.9 326.4 325.7 325.3 324.9 325.3 325.2 324.6 
523.9 522.6 549.9 521. 8 526.9 536.6 540.7 522.1 523.2 
571.1 581.1 624.1 577.9 584.3 601.6 605.7 580.3 582.5 





LABOR REQUIREMENTS (MILLION MAN-HOURS) 
21279.0 21618.3 21680.1 21642.4 21620.9 21618.3 21620.9 21622.1 21614.4 
18871,0 18755.2 19004.5 18806*5 18774.2 18750.7 18773.7 18771.5 18740.2 
13175.8 13145.4 13485.3 13184.8 13159.6 13184.3 13218.7 13158.8 13135.0 
8725.7 8746.2 9675.0 8782.9 8721.9 8904.0 8927.7 8752.1 8739.0 
TABLE 19.  CONTINUED 





























MACHINERY EXPENSE (MILLION 1947-49 DOLLARS) 
1069.8 1054.2 1066.6 1068.6 1069.8 1068.6 1071,5 
1423.0 1355.3 1424.7 1418.5 1437.1 1430.0 1429.6 
2621.4 2484.0 2622.2 2631.7 2652.1 2653.5 2634.9 
2744.2 2569.0 2744.7 2777.3 2797.4 2805.1 2759.4 
REAL ESTATE EXPENSE (MILLION 1947-49 DOLLARS) 
3369.1 




































































MISCELLANEOUS EXPENSE (MILLION 1947-49 DOLLARS) 
1296.9 1252.0 1156.4 1302.6 1296.9 1302.6 1302.9 
1510.1 1398.5 1356.1 1518.5 1522.0 1527.0 1525.8 
2205.8 2092.2 2061.5 2088.5 2225,8 2102.1 2225.7 
3121.1 3102.4 2998.3 2769.4 3140.4 2777.0 3135.9 


































































REAL ESTATE TAX EXPENSE (MILLION 1947-49 DOLLARS) 
746.2 743,8 721.2 749.7 744.6 745.0 744.6 747.8 742.3 
625.1 647.0 606.0 648.0 644.0 653.7 654.1 646.9 637.2 
768.8 798.4 751.1 795.5 797.6 810.2 812.2 798.4 786.8 
1045.0 1029.0 1031.1 1039.4 1042.3 1073.1 1070.6 1041.9 1032.4 
PRODUCTION EXPENSES (MILLION 1947-49 DOLLARS) 
8732.3 10563.1 10301.1 10175.0 10584.4 10566.4 10584.4 10598.1 10535.2 
15976.6 16001.4 15379.0 15294.2 15577.0 15792.3 15358.2 16076.6 15911.5 
19117.5 19709.8 19195.0 19155.1 18733.2 19377.9 18424.9 19788.3 19626.7 
21236.0 20901.7 20904.6 20508.9 19492.0 20296.4 18992.9 20962.8 20854.6 
GROSS INCOME (MILLION 1947-49 DOLLARS) 
17019.0 17831.1 16266.1 18142.0 17819.8 17831.2 17819.8 17945.5 17718.4 
30398.3 29975.8 26136.9 30304.9 30294.1 30620.7 30814.5 30330.7 29612.0 
30489.3 30238.0 25917.6 30522.4 30846.9 31286.2 31504.8 30710.8 29763.7 
30909.6 30696.9 26137.8 30963.5 31667.8 32144,3 32034.5 31118.3 30290.4 
NET INCOME (MILLION 1947-49 DOLLARS) 
8286.7 7267.9 59^5.0 7967.0 7235.4 7264.8 7235.4 7347.3 7183.2 
14421,7 13974.4 10757.9 15010.7 14717.1 14828.4 15456.3 14254.1 13700.6 
11371.9 10528.2 6722.6 11367.3 12113.7 11908.3 13079.8 10922.5 10137.0 
9673.6 9795.2 5233.1 10454.6 12175.8 11847.9 13041.6 10155.5 9435.8 
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use the model to answer "if-then" types of questions. Changes in certain 
exogenous data and selected parameters will be made to gain knowledge on 
what would have occurred in the agricultural sector under alternative 
conditions. These "experiments" provide post-priori indications of the 
effects of different levels of government policy and other variables on 
resource use and farm income. Results of the historical simulations are 
also useful in evaluating the likely consequences of implementing new 
government policies in the future. 
The results from seventeen simulation runs are reported in this study. 
The first simulation, or validation run, was discussed in the previous 
section. The results from the other simulations are presented in the 
remainder of this chapter. Conditions simulated include: l) the removal 
of government price and income support programs, 2) increases in input 
prices, 3) restrictions on production elasticities, 4) variations in com­
modity support prices, and 5) limitations on acreages. The variable levels 
generated in each of the simulation models will be compared to variable 
level estimates of the validation run rather than to actual data. To 
conserve space and to smooth out annual fluctuations, the results will be 
reported and discussed for averages of at least eight years. 
Free market (Simulation 2) 
To see how agriculture would have fared under free market conditions, 
all government policy variables are set to zero in Simulation 2. The pre­
dicted results assuming no price supports, no diversions of excess produc­
tion, no acreage allotments or diversions, and no government payments are 
reported for selected variables in Tables 13 through 19 under column 
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heading SIM 2, The tabulated predictions are variable averages for 
1932-39, 1940-49, 1950-58 and 1959-67. 
The initial, or first year, response to the removal of government 
programs is an increase in crop acreage and production. As these addition­
al supplies reach the market, crop prices decline. Inelastic demands 
cause prices to drop by a larger percentage than supplies increase result­
ing in lower gross incomes. Faced with lower prices and incomes, farmers 
begin to reduce production. Simulation results indicate this reduced pro­
duction is not accomplished by taking land out of production, but rather 
by applying fewer resources to each acre. Reduced resource use is par­
tially in response to lower crop prices, but capital limitations also play 
an important role. Typically, the level of resources used by farmers is 
not the quantity that sets the value of the marginal product for each 
resource equal to its price. While the reasons for this less than effi­
cient use of resources are many, often times the equilibrium level of 
resource use is prohibited by capital limitations. The reduced incomes 
and lower land values in the absence of government programs decreases 
internally generated capital and erodes farmers' borrowing base.l This 
The model was modified slightly to allow the utilization of "feed­
back" information on gross income levels to aid in determining land prices. 
The land prices generated in Simulation 1 are used as base data to calcu­
late land prices in the other simulation models. The Simulation 1 current-
year price of land estimate for each crop is adjusted by a proportion of 
the difference between the Simulation 1 estimate of the crop's gross income 
estimate for the previous year and the comparable gross income estimate in 
the simulation under consideration. To obtain the proportions, the price 
of land for each crop was regressed on the one year lag of the respective 
crop's gross income variable using observed data from 1930-67. The coef­
ficient estimates associated with the lagged gross income variables for 
each of the crops became the proportions. The estimated coefficients on 
the lagged gross income variables were: .054 for feed grains, .024 for 
wheat, .074 for soybeans, .018 for cotton and .083 for tobacco. 
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tightening of capital constraints reduces the quantity of resources farmers 
can afford. Farmers rely more on the nonpurchased Inputs such as land and 
labor and less on fertilizer, pesticides and more efficient machines in 
their production activities. 
Even though production for most crops declines with the removal of 
government programs (after the second or third year), supplies are larger 
than will clear the market at prices that existed when the government 
programs were in operation. These lower prices depress incomes throughout 
the 1932-67 period of analysis. The assumed removal of acreage diversions 
and allotments causes acreage increases for feed grains, wheat and cotton 
during the last period of analysis, 1958-67, to more than offset reductions 
in input use per acre. The resulting increases in supplies further depress 
prices and gross incomes during the 1958-67 period. 
In contrast to the other crops, soybean production estimates in the 
free market model are above the validation run levels throughout the entire 
1932-67 period. Lower prices for feed grains are translated into increased 
soybean acreages via the soybean acreage function. Over the 1932-67 period, 
the soybean production estimate is 6.4 percent higher but the soybean 
acreage estimate is 35.5 percent above Simulation 1 results. Less produc­
tive land would likely be drawn into soybean production in addition to the 
use of less resources per acre. The implied soybean yield per acre in the 
validation run is 22.4 for the 1932-67 period while the comparable average 
yield in Simulation 2 is 17.7. 
The number of livestock production units increases somewhat, in Simu­
lation 2 over Simulation 1, in response to lower feed prices. The index of 
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livestock marketings is 4,7 percent higher than the validation run for the 
1932-67 period while the index of livestock prices declines 8.0 percent. 
Crop price estimates under free market conditions are lower by 46.0 
percent for feed grains, 29.8 percent for wheat and 21.1 percent for 
soybeans over the 1932-67 period. 
Gross incomes by commodities and for the entire agricultural sector 
are estimated to have been substantially lower in the absence of government 
programs. Gross Income estimates for feed grains during the 1932-67 period 
decline 26.9 percent from the Simulation 1 level. Cotton and tobacco gross 
income estimates show the largest percentage drop at 59.6 and 43.2 percent 
respectively. Nationally, total gross farm income estimates average $3.7 
billion lower than the Simulation 1 results during the 1932-67 period 
($27.5 billion and $23.8 billion for Simulations 1 and 2 respectively). 
Since total production expenses do not drop proportionally, annual net 
income estimates decline by nearly one-third from $10.6 billion to $7,3 
billion on the average for the 1932-67 period. 
National estimates for all of the resource-use categories are lower 
except for seed and labor. Estimated fertilizer and lime demand for the 
1932-67 period is down 6.0 percent from the Simulation 1 level and during 
the 1940-49 period fertilizer and lime expenditures (in constant 1947-49 
dollars) are 13 percent below the validation run estimates. Due to de­
creased machinery purchases and lower machinery stocks, machinery expense 
estimates are down 5 percent. The real estate expense, fuel, oil and 
repairs expense, miscellaneous expense, interest on crop and livestock 
stocks and real estate tax estimates range from 3,6 to 2.5 percent below 
273 
Simulation 1 results. The high complementary relationship between seed 
expense and crop acreages causes the seed expense estimates in the free 
market model to be above the validation run results. 
Many proponents of returning agriculture to free market conditions 
contend that government programs have slowed the outmigration of farm 
labor to nonfarm employment and thus hindered needed resource adjustments. 
The results of this study indicate, however, that the outflow of labor from 
agriculture is larger with the historic farm programs in operation than 
would have occurred under free markets. The apparent reason for this 
rather surprising result revolves around capital limitations and other 
manifestations of uncertainty typically found in agriculture. Apparently, 
increased income and higher and more stable prices resulting from govern­
ment programs have provided the capital and security efficient farmers have 
needed to substitute machines and other highly productive capital inputs 
for their own and hired labor (131). To realize economies of scale associ­
ated with larger machinery, these farmers have expanded their operations 
by securing land operated by other farmers who have retired or transferred 
to off-farm jobs. As a result, agriculture uses less labor on fewer, but 
larger farms. The magnitudes of these changes appear to be greater than 
would have occurred in the absence of farm programs. 
It seems clear that acreage diversion and price support programs of 
the federal government have accelerated the adoption of new production 
techniques, increased the use of fertilizer and aided in the mechanization 
of agriculture. Simulation results suggest that this shift from labor to 
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capital intensive techniques would have occurred without government pro­
grams but at a slightly slower pace. 
Changes in input prices and production elasticities 
Modern agriculture has been transformed from a labor to a capital 
intensive industry. Changes in the relative prices of labor and capital, 
technical development of capital items, increases in adaption rates, and 
possibly security provided by farm programs have caused farmers to use more 
capital and less labor in agricultural production. The decline in the real 
price of many capital inputs for agriculture has resulted from technolog­
ical improvement and competition in firms and industries that produce these 
inputs. 
In Simulations 3 through 6, input prices and input production elastic­
ities are altered from their observed values. Information on the influence 
of input prices and productivities on resource use, commodity prices and 
incomes is very useful. Surpluses and low returns in agriculture have 
occurred because the productivity of resources used by producers has in­
creased and the quantity of these resources used Is large relative to the 
demand for agricultural products. 
One method of reducing output is to reduce the quantity of resources 
devoted to agricultural production. Acreage allotments and diversions 
have been used to reduce the land input. But output does not decline in 
proportion to land withdrawn. Farmers usually take their less productive 
land out of production. More importantly, the capital and labor formerly 
used on the idled land is transferred to the remaining crop acres. Fur­
thermore, payments made to farmers for idling land provides farmers with 
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the wherewithal to buy more capital inputs. The net result being that 
farmers apply the larger amounts of capital inputs to the nonidled land 
causing the anticipated output reduction from the idled land to be offset 
by greater output from the remaining land. 
Control of inputs has centered on land since land withdrawals are 
relatively easy to police. While agricultural programs could be directed 
at reducing the quantities of capital and labor used, quota systems on 
these inputs would be difficult to enforce. Reductions in the use of capi­
tal inputs could be accomplished indirectly by raising input prices. The 
government could levy taxes on the producers of capital inputs which would 
be passed along to farmers in the form of higher prices. Higher input 
prices would encourage the use of less capital inputs, thereby reducing 
production and increasing commodity prices, incomes and resource returns. 
Output increases could also be slowed by reducing investments in 
measures that increase farm resource productivity. Public financial 
support for researching and communicating new farm technologies could be 
reduced or even eliminated. 
Increasing input prices and (or) slowing technological advance as a 
means of reducing production (or dampening production increases) and 
improving income have very serious drawbacks. Both conflict with the 
natural forces of economic growth. Agricultural policy should facilitate, 
not retard, long-run adjustments in the optimal mix of national resources 
used in farm and nonfarm sectors as well as encourage least cost resource 
use within the farm sectoi. Artifical increases in input prices and 
limiting technological progress are at odds with accepted national goals 
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of economic growth and of providing consumers with desired goods at least 
resource cost. 
Furthermore, at this point in time attempts to slow technological 
advances would be less than completely successful. While at one time 
most of the research and knowledge dissemination was carried on by govern­
ment agencies, most of these activities are now in the hands of private 
industry. However, the fact remains that the initial investments in 
activities to increase the productivity of farm inputs originated in the 
public sector. The private sector utilized and enlarged the knowledge base 
generated within public institutions and agencies. 
Technological progress influences the marginal physical productivities 
of farm inputs and hence the position and shape of agricultural production 
functions. For information purposes, simulation runs are made that assume 
the crop production functions derived for the 1932-39 period in this study 
had remained in use through 1967. The results of these simulations are 
discussed in following sections. First, however, simulations which inves­
tigate the impacts of increased input prices on the agricultural sector 
are discussed. 
Input prices increased by 10 percent (Simulation 3) In this 
simulation all input prices that aid in determining the input demand 
levels are increased by 10 percent. Input prices used in the model are 
price of machinery, price of fertilizer, price of motor supplies, price 
of farm supplies and the prices of wheat and cotton seed. All prices are 
deflated by the implicit Gross National Product deflator and are in index 
form (1947-49 • 100). The price of farm supplies is employed in each of 
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the commodity miscellaneous expense equations. The price of motor supplies 
appears in all of the fuel, oil and repairs expense equations except for 
soybeans. Similarly, the price of fertilizer is used in each of the crop 
fertilizer demand functions with the exception of soybeans. Only the 
tobacco and cotton machinery purchases equations contain the price of 
machinery while the seed price variables are specific to the wheat and 
cotton seed demand functions. The results of Simulation 3 are reported in 
Tables 13 through 19 under column heading SIM 3. 
As expected, simulation results indicate that producers lower input 
usage and production in the face of higher input prices. Production 
estimates during the 1959-67 period are lower by 3 million tons for feed 
grains, 24 million bushels for wheat, 6 million bushels for soybeans, 500 
thousand bales for cotton and 7 million pounds for tobacco. 
During the 1959-67 period, fertilizer and lime demands for feed grains, 
wheat, soybeans, cotton and tobacco drop from their respective Simulation I 
levels by the following percentages: 8.1, 7.9, 1.0, 2.1, 12.2 and 4.1. 
Nationally, fertilizer demand is $119 million, or 5.3 percent lower than 
the validation run estimate for the 1959-67 period* 
The fuel, oil and repairs expense and miscellaneous expense estimates 
are down by 5 and 4 percent respectively for the United States in the 
1959-67 period. Livestock, cotton and tobacco fuel, oil and repairs 
expense levels are 14, 27 and 19 percent lower respectively in 1959-67. 
Miscellaneous expenses decline by 6 percent for feed grains, by about 7 
percent for wheat, cotton and tobacco and by 4 percent for livestock and 
soybeans. 
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Lower production estimates result in higher crop prices. The price of 
feed grains increases from $33.19 per ton in Simulation 1 to $34.54 during 
1959-67. Wheat prices increase from $1.35 per bushel to $1.40 per bushel 
and soybean prices rise from $1.84 per bushel to $1.87 per bushel. Lower 
livestock production resulting from the increased feed grain prices causes 
the index of livestock prices to increase from 62.4 in Simulation 1 to 
63.1. Due to lower capital input demand levels associated with higher 
input prices, total United States production expenses are lower by $410 
million for the 1959-67 period compared to Simulation 1 results. 
V'ith inelastic demands, the increases in commodity prices are pro­
portionally larger than the reductions in commodity outputs. Hence, gross 
incomes are higher, although modestly. The average national gross farm 
income estimate for 1959-67 is up $289 million ($30,674.1 million in Sim­
ulation 1 and $30,963.5 million in this simulation). Total net farm income 
increases from $9.8 to $10.5 billion or 7 percent. 
Table 20 shows three price elasticity estimates for fertilizer, fuel, 
oil and repairs expense and miscellaneous expense for certain commodities. 
The first row of numbers for each input category uses the "everything else 
held constant" elasticity concept that is presented in all of the elementary 
economics textbooks. These static or short-run elasticity estimates are 
derived from the econometric equations presented earlier. For example, the 
feed grain fertilizer elasticity with respect to price is calculated by 
multiplying the coefficient of the price of fertilizer in the feed grain 
fertilizer equation, by the ratio of the 1930-67 average price of ferti­
lizer to the 1930-67 average level of feed grains fertilizer demand. The 
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first row of elasticities under each input category indicates the per­
centage change in input demand associated with a 1 percent change in the 
input's own price, everything else held constant. 
The numbers in the second rows under the input groupings are the 
"long-run" price elasticities of demand. These long-run elasticities 
again assume that output prices, technology, and the prices of all other 
Table 20. Estimated static, long-run and model elasticities of demand 
with respect to price for fertilizer and lime, fuel, oil and 
repairs and miscellaneous inputs for selected commodities^ 
Livestock 
Feed 
grains Wheat Soybeans Cotton Tobacco 
Fertilizer and lime 
Static __b - .33 - .94 b -1.17 -1.03 
Long-run lj> -2.27 -2.36 -2.17 c 
Model __b -1.79 -1.78 b -1.79 - .76 








Model -2.18 -1.23 D -2.74 -2.25 
Miscellaneous 
Static - .68 - .72 -1.05 - .47 -1.02 -1.63^ 
Long-run - .82 -1.03 -1.39 -1.24 c c 
Model - .85 -1.01 -1.17 -1.08 - .79 -1.20 
The static and long-run elasticities are computed from the econo­
metric equations at the 1930-67 variable means. The "model elasticity" 
estimates are based on Simulation 3 results in which input prices were 
increased by 10 percent. 
^Input price did not appear in the econometric equation (of course, 
the livestock model did not contain a fertilizer and lime equation). 
^Long-run elasticity estimate could not be computed because the 
lagged input demand variable did not appear in the econometric equation. 
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inputs remain constant, however, time is allowed to elapse. The time 
that is needed to overcome entrenched habits, institutional and psycholog­
ical resistance to change, and other barriers to immediate and complete 
adjustments in input usage to price changes, is assumed to have elapsed. 
Long-run input demand elasticities can be calculated from econometric 
equations that contain the lagged dependent variable as well as the input's 
price as explanatory variables. Subtracting the coefficient estimate of 
the lagged dependent variable from 1.0 gives the adjustment rate, that is, 
the proportion of the adjustment in input demand in response to a price 
change that occurs in one year. Dividing the static input demand elas­
ticity by the adjustment rate yields the full or long-run response of input 
demand to a change in input price. 
The results from Simulation 3 provide us with a third measure of the 
responsiveness of input demand to changes in own price. The response of 
input demand to a change in its price derived from the simulation model 
not only allows lags in adjustment, but also includes feedback influences 
on input demand resulting from changes in output price. The static and 
long-run elasticity estimates assume constant output price. In reality, 
output price will likely change. A reduction in the usage of a highly 
productive input, such as fertilizer, resulting from an increase in (ferti­
lizer) price, lowers output. The lower output level stimulates the average 
price received by farmers and, with inelastic demand, gross income in­
creases. The higher output price and the lifting of capital restraints, 
made possible from higher incomes, tend to increase input demand somewhat 
in succeeding years. Hence, the feedback influence of higher output price 
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and incomes on input demand is allowed to operate in the simulator model. 
Attempts to use Simulation 3 results to estimate changes in the demand 
of a particular input associated with a change in price of that input, 
are obstructed somewhat by the assumed changes in other input prices. We 
would rather keep other input prices constant and measure the direct and 
indirect effects of a change in the price of a particular input on the 
usage of that input. In the interest of economy and brevity, Simulation 3 
results are used. The response estimates are also biased somewhat due to 
the indirect influence that commodity price and incomes exert on input 
demands. Commodity price (lagged one year) enters the model primarily via 
the acreage function. The level of gross income (lagged one year) influ­
ences the level of machinery purchases and land prices. Estimates of 
machinery purchases are used to estimate machinery stock levels. The 
acreage and land price estimates are employed to estimate the value of land 
and buildings. The average stock of machinery and the stock of physical 
assets (the sum of average machinery and average commodity stocks and the 
value of land) are the variables that are used to help determine input 
demands. Hence, output price and incomes are not used directly in the 
input demand equations, but their influences are funneled in through the 
stock of machinery and physical asset variables. 
The results in Table 20 indicate that when the influences of commodity 
prices and incomes are taken into account, the net influence of a change 
in the price of an input on its usage is generally lower than the "long-
run" estimate which assumes ceteris paribus conditions. 
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Input prices set at 1932-39 average level (Simulation 4) In this 
simulation, input prices are again altered from their historic values. 
The input prices that were increased by 10 percent in the last model are 
held at their 1932-39 average levels in this simulation. The real prices 
of certain capital inputs declined substantially over the 1932-67 period. 
Reductions in prices of fertilizer, motor supplies and farm supplies are 
the most striking. The 1932-39 average of the index of fertilizer prices 
(1947-49 ® lOO), deflated by the implicit GNP deflator, was 129.2 while in 
1967 the index stood at 70.8. The 1932-39 average price indexes for motor 
supplies and farm supplies were 134.6 and 1C7.6 respectively while in 1967 
these prices had dropped to 85.9 and 77.4. The deflated index of machinery 
prices increased from the 1932-39 average of 114,3 to 128.3 in 1967. Wheat 
and cotton seed price indexes increased from their 1932-39 averages of 62,2 
and 56.2 until the late forties or early fifties and then declined again 
to 82.6 and 88.0 respectively in 1967. 
Simulation 4 investigates the impacts on agricultural resources, pro­
duction and incomes assuming that the historical increases in capital pro­
ductivity had occurred but selected input prices had remained at their 
1932-39 average level. Tables 13 through 19 contain the period averages 
for 1932-39, 1940-49, 1950-58 and 1959-67 of Simulation 4 results under 
column heading SIM 4. 
With the index of fertilizer prices held at its 1932-39 average, the 
quantity of fertilizer and lime demanded is substantially lower. Feed 
grain fertilizer and lime estimates drop by over one-third for the 1940-49 
and 1959-67 periods and by nearly one-half during 1950-58, Wheat ferti-
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lizer and lime levels are one-half the Simulation 1 estimates for each of 
the three periods. During the 1959-67 period cotton fertilizer and lime 
estimates average 74 percent below Simulation 1 results. The United States 
fertilizer and lime demand estimate for 1959-67 is down by 33 percent from 
the validation run estimate. 
Fuel, oil and repairs expense and miscellaneous expense estimates 
after 1940 are also considerably below Simulation 1 estimates for certain 
commodities. For example, the level of wheat fuel, oil and repairs expense 
declines by 38 percent during the 1959-67 period and miscellaneous expense 
decreases by 17 percent. United States estimates are 19 percent lower for 
fuel, oil and repairs expense and 13 percent lower for miscellaneous 
expense for the 1959-67 period as compared to Simulation 1 results. 
The reductions in use of these highly productive inputs reduces 
production for all crops during the last three periods. For 1959-67, 
feed grain production drops from 148.7 million tons in the validation run 
to 133,7 million tons or a decrease of 10 percent. Wheat production is 
11 percent lower, soybean production is down 4 percent and cotton produc­
tion drops 24 percent for the last period of analysis. 
Prices and gross incomes increase. The average pi ice of feed grains 
and average feed grain gross income for the 1959-67 period are up 20.5 
and 2,3 percent respectively. During this same period price and gross 
income increases for wheat, soybeans and cotton are: 22 and 7 percent, 
8 and 4 percent and 74 and 24 percent respectively. 
The higher feed grain prices reduce the number of livestock production 
units by 1 percent for the 1959-67 period. The index of livestock prices 
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increases by 3.7 percent and livestock gross income Increases by $322 
million above the Simulation 1 estimate for that period. 
For the nation, the decline in usage of operating inputs reduces total 
farm production costs by 8 percent during 1959-67, Total farm gross income 
increases by 4 percent and net farm income jumps from $9.8 billion to $12,7 
billion. 
Simulation results suggest that input prices could be manipulated as 
a means of reducing resource commitments in agriculture and, hence, as a 
means of decreasing outputs and increasing incomes. However, adjusting 
resource use through restricting capital input prices conflicts with eco­
nomic efficiency considerations. Adjustments in resource use should en­
courage the displacement of resources that have a higher value marginal 
product in alternative uses (129). Restrictions on prices of capital oper­
ating inputs causes the input mix to include less of the highly productive 
operating inputs and more labor. But it is the labor input that has the 
high value marginal product outside agriculture relative to its value at 
the margin in agriculture. 
Input production elasticities at their 1932-39 average level (Simu­
lation 5) In the last model (Simulation 4) input prices were fixed at 
their 1932-39 level. In this simulation, historic trends in input prices 
are unaltered but input production elasticities are held at their 1932-39 
level. Hence, input demand levels generated in the simulation model are 
channeled through the 1932-39 production functions for the entire simu­
lation period. 
Results from Simulation 5 are presented in Tables 13 through 19. 
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Since the models used in Simulations 1 and 5 are identical through 1939, 
the variable levels generated for these simulations are the same for the 
1932-39 period. Production, price and gross income estimates deviate 
substantially from Simulation 1 results for the remaining periods, 1940-49, 
1950-58 and 1959-67, During the 1959-67 period, feed grain production is 
lower by 50 million tons or by one-third. During this period, cotton pro­
duction is 50 percent lower than the Simulation 1 estimate and soybean 
production declines by one-third. 
These sharp declines in production push output prices to very high 
levels. The 1959-67 average price of feed grains in this simulation is 
$55,65 per ton compared to $33,19 per ton in Simulation 1. Simulation 5 
and Simulation 1 prices for wheat, soybeans and cotton during the 1959-67 
period are: $1,72 and $1,35 per bushel, $3,02 and $1,84 per bushel and 
$ ,52 and $ ,21 per pound, respectively. 
With inelastic demand, the higher prices cause gross incomes to 
increase. For 1959-67, feed grain and wheat gross Incomes increase 3 and 
8 percent respectively, and soybean and cotton gross incomes are up 11 
and 22 percent. 
Differences in the estimates of resources used in production in this 
model compared with the validation model are less dramatic. Nationally, 
the estimated levels of capital inputs used in agriculture are nearly the 
same as in Simulation 1, It should be remembered that the data used to 
estimate the input equations were observed in an environment in which input 
productivities were changing. No adjustments were made in the structural 
coefficients of the input equations to reflect the absence of these changes 
in input productivities. 
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Results from this simulation imply that had the feed grain production 
functions, employed in the thirties, remained in use through the late 
sixties 4 percent more land and about the same capital inputs would have 
been needed to produce a third less output during the 1959-67 period. 
Technological advancements have enabled agriculture to provide ample 
quantities of food and fiber at relatively low prices. Had no techno­
logical improvements taken place since 1940, the demand for agricultural 
output would have shifted to the right at a faster pace than supply. Due 
to higher prices, inelastic demand and slightly lower production costs, 
total net farm income during 1959-67 would have been one-fifth larger 
(from $9.8 billion to $11.8 billion). Higher prices and incomes would 
have been achieved for farmers but at the expense of the consuming public. 
The "problem" would then not be (as it is now) how agriculture can share 
in the benefits from advanced technology in agricultural production, but 
rather the concern would be helping the general public, especially the 
poor, secure a sufficient quantity of food and fiber. Even though the 
time trends and equation specifications that carry along advances in tech­
nology in the model are not eliminated, it Is obvious that many more re­
sources would be needed to provide a given level of agricultural output. 
Input prices and production elasticities at their 1932-39 average 
levels (simulation 6) In Simulation 4, input prices were assumed to 
have been at their average 1932-39 levels throughout the observation 
period. The last simulation held the Input production elasticity estimates 
used In each crop's production function at their 1932-39 levels. In this 
simulation both Input prices and input production elasticities for each 
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crop are fixed at their 1932-39 average levels. 
The changes in variable levels in this simulation as compared to 
Simulation 1 results are to a large extent exagérations of the changes in 
variable levels observed in the last two simulations. Production estimates 
are lower and price and income estimates are higher than Simulation 5 
results in which 1932-39 production functions were used but historic input 
prices were kept. Similarly, total levels of resource use measured in 
constant dollars are less than in Simulation 4 with input productivities 
unaltered but 1932-39 prices assumed throughout. The resulting total farm 
net income estimates are the highest for any simulation model run. During 
the 1959-67 period net farm income is up one-third from the Simulation 1 
estimate ($9.8 billion for Simulation 1 and $13.3 billion for this simu­
lation). 
Changes in price support levels 
Simulations 7 through 16 investigate the effects of different support 
price levels on resource use, production, price and incomes for the model 
commodities and in aggregate. 
The level of price supports is an important government policy varia­
ble. Government storage and price support programs are convenient vehicles 
to stabilize prices of farm products in the face of year to year variations 
in production. Excess production is diverted from the market in "good" 
years to be put back on the market in years in which production is short 
relative to demand. Price supports then tend to stabilize prices, based 
on average-weather crop levels. 
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The level of price supports can also be used to raise or lower the 
general level of farm prices. Raising crop prices by setting loan rates 
considerably higher than market prices is not without a cost. Farmers 
increase production, government stocks accumulate and treasury costs mount 
accordingly. Furthermore, as the simulation results presented in the 
following sections suggest, the output-increasing effect of higher support 
prices moderates the intended increase in average market prices. Hence, a 
given percentage increase in support prices raises the average price 
received by farmers by a smaller percentage. The higher prices and pro­
duction levels resulting from increased price supports increase gross 
receipts, but by a much smaller percentage than the percentage increase in 
loan rates. 
Similarly, downward adjustments in support prices tend to reduce 
average market prices and gross incomes by a smaller proportion than the 
reduction in loan rates. The decline in production exerts upward pressure 
on market prices which offsets somewhat, the reduced support prices. 
In the simulation runs described in this section, no changes are 
assumed in the acreage allotments or diversions that accompanied price 
supports in certain years. 
Ten percent increase in price supports (Simulation 7) The esti­
mated levels of selected variables, assuming that the price support rates 
for corn, wheat, soybeans, cotton and tobacco are increased by 10 percent 
throughout the 1932-67 period, are reported in Tables 13 through 19 under 
column heading, SIM 7. 
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Estimated total farm gross income is 1.3 percent higher during the 
1932-67 period than the Simulation 1 estimate. Total production expenses 
are .4 percent higher and net farm income increases from the Simulation 1 
estimate of 10,577,7 to 10,861.7 or a 2.7 percent gain. 
The percentage increases in commodity prices in Simulation 7 over 
Simulation 1 for the 1932-67 period are: 3.6 for feed grains, 2.5 for 
wheat, 2.1 for soybeans, 9.2 for cotton, 2.1 for tobacco and .6 for live­
stock. 
The higher prices, with slight increases in production, raise the 
commodity gross income estimates. Gross incomes during the 1932-67 period 
are higher by $31.0 million for feed grains, $49.1 million for wheat, $11.7 
million for soybeans, $179.6 million for cotton, $40.0 million for tobacco 
and $36.1 million for livestock. 
Government inventories, while not tabled, increase 26 percent for 
feed grains and cotton and 16 percent for wheat over the observation 
period. 
Higher commodity prices and incomes increase (with a lag) the level 
of input usage only slightly. Fertilizer and lime expenditures increase 
only one-half of one percent nationally during the 1959-67 period. The 
tobacco fertilizer and lime estimate is up 4.2 percent and cotton ferti­
lizer increases 1.8 percent but feed grain and wheat fertilizer demands 
are less than 1 percent higher. The estimate of fertilizer and lime usage 
for soybeans is down from Simulation 1 results. The higher feed grain 
prices caused the model to predict a decline in soybean acreages over the 
36 year period. Estimates for each of the soybean input categories are 
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lower during part or all of the observation period. For the 1959-67 
period, national expenditures on machinery fixed costs, real estate 
expense, fuel, oil and repairs expense, miscellaneous expense and real 
estate tax expense are about one-half of one percent higher than the 
validation run. Total man-hours of labor required and seed expense change 
negligibly. 
Ten percent decrease in all price supports (Simulation 8) The 
results from Simulation 8, with price supports nine-tenths of the actual 
levels, are reported in Tables 13 through 19 under column heading SIM 8. 
In terms of percentage change from Simulation 1 estimates, the national 
variable estimates for Simulation 8 are, for the most part, mirror images 
of Simulation 7 results. Resource use, production, prices and incomes for 
Simulations 7 and 8 change by nearly the same percentage from Simulation 1 
results but in opposite directions. Simulation 8 estimates for total gross 
farm income and total net farm income are 1.3 and 2.7 percent lower 
respectively than the Simulation 1 estimates for the 1932-67 period. 
United States resource expenditure estimates for the 36 year period average 
less than 1 percent lower for all input categories except seed which re­
mains nearly constant. 
Commodity prices and incomes are lower with a 10 percent reduction in 
support prices. The average decline in prices over the 1932-67 period are 
3.8 percent for feed grains, 2.6 percent for wheat, 2.1 percent for soy­
beans, 9.3 percent for cotton, 2.1 percent for tobacco and .7 percent for 
livestock. During this period gross income estimates were down by $32 
million for feed grains, $51 million for wheat, $12 million for soybeans. 
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$174 million for cotton, $38 million for tobacco and $38 million for 
livestock. 
Corn support prices increased by 10 percent (Simulations 9 and 10) 
In Simulation 9, support prices for corn are increased by 10 percent and 
in Simulation 10 they are decreased by 10 percent. Model estimates for 
Simulations 9 and 10 are reported in Tables 21 through 25 under column 
headings SIM 9 and SIM 10. 
With corn support prices 10 percent higher, the feed grain price 
estimate averages 3.1 percent higher than the validation run for the 36 
year period. Feed grain gross income increases by $30 million. 
Input usage increases for all feed grain input categories. During 
the 1932-67 period, Simulation 9 estimates for fertilizer and lime, real 
estate, miscellaneous and real estate tax expenditures are about 1.9 per­
cent above Simulation 1 estimates. Estimates for the other input catego­
ries including seed expense, man-hours of labor, machinery fixed and oper­
ating expenses, and interest on stocks are up less than 1 percent. The 
higher input levels increase production by about 1 percent. 
The number of livestock production units declines slightly due to the 
increased price of feed grains. Livestock prices increase by one-half of 
one percent and gross income from livestock sales increases by $30 million 
for the 1932-67 period. 
Wheat used for feed increases by 1 million bushels. Wheat gross 
income is up $600 thousand. 
Decreasing price supports for corn by 10 percent (Simulation 10), 
reduces the average of 1932-67 feed grain prices from $40.11 in the vail-
TABLE 21. AVERAGE LEVELS OF SELECTED LIVESTOCK VARIABLES FOR SIMULATIONS 9 THROUGH 
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LIVESTOCK PURCHASES (MILLION 1947-49 DOLLARS) 
1104.4 1089.8 1097.1 1097.1 1097.1 1097.1 1104.4 1089.8 850.3 
1526,3 1475.9 1497.9 1507.6 1502.7 1502.7 1521.5 1480.9 989.3 
2116.7 2044.6 2066.5 2099.1 2081.5 2081.5 2101.6 2062.2 1561.4 
2713.8 2632.5 2651.6 2693.9 2672.8 2672.8 2692.5 2653.5 2135.8 
STOCK PHYSICAL ASSETS (MILLION 1947-49 DOLLARS) 
41163.7 41145.1 41154.4 41154.4 41154.4 41154.4 41163.7 41145.1 40823.6 
44110.0 44001.2 44051,1 44065.6 44058.4 44058.4 44102.8 44008.5 43002.9 
55969.2 55770.6 55847.4 55905.3 55874.1 55874.1 55942.4 55801.7 54912.5 
68605.1 68321.3 68429.4 68497.9 68463.5 68463.5 68570.7 68355.4 67635.5 
FEED EXPENSE (MILLION 1947-49 DOLLARS) 
1909.3 1916.4 1912.9 1912.9 1912.9 1912.9 1909.3 1916.4 1862.4 
3020.9 3060.5 3038.8 3039.8 3039.3 3039.3 3020.4 3061.0 2772.8 
4453.5 6516.6 4480.4 4487.3 4483.6 4483.6 4450.2 4520.2 4182.2 
6147.5 6204.6 6170.0 6182.3 6175.9 6175.9 6141.6 6211.0 5895.7 
LABOR REQUIREMENTS (MILLION MAN-HOURS) 
6174.6 6179.4 6177.0 6177.0 6177.0 6177.0 6174.6 6179.4 6142.2 
5942.9 5956.3 5948.6 5949.3 5949.0 5949.0 5942.6 5956.6 5867.7 
4908.2 4923.2 4914.5 4917.1 4915.7 4915.7 4907.0 4924.6 4855.6 
3411.5 3420.9 3414.7 3417.8 3416.3 3416.3 3409.9 3422.4 3367.7 
MACHINERY EXPENSE (MILLION 1947-49 DOLLARS) 
96.9 96.9 96.9 96.9 96.9 96.9 96.9 96.9 97.0 
143.8 143.7 143.8 143.8 143.8 143.8 143.8 143.7 144.2 
264.6 264.1 264.4 264.3 264.4 264.4 264.7 264.0 266.5 
296.3 295.1 295.9 295.6 295.7 295.7 296.5 295.0 301.0 
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REAL ESTATE EXPENSE (MILLION 1947-49 DOLLARS) 
1575.4 1575.3 1575.4 1575.4 1575.4 1575.4 1575.4 1575.3 
1727.1 1726.8 1727.0 1727.0 1727.0 1727.0 1727.1 1726.8 
2232.6 2230.6 2231.8 2231.6 2231.7 2231.7 2232.7 2230.5 
2790.6 2786.4 2789.0 2788.1 2788.5 2788.5 2791.1 2785.9 
FUEL, OIL AND REPAIRS EXPENSE (MILLION 1947-49 DOLLARS) 
136. 7 136. 7 136. 7 136.7 136.7 136.7 136.7 136. 7 
248. 2 248.2 248. 2 248.2 248.2 248.2 248.2 248. 2 
411. 0 410.9 411. 0 411.0 411.0 411.0 411.0 410. 9 
487. 7 487.4 487. 6 487. 5 487. 6 487.6 487.7 487. 4 
MISCEL LANECUS EXPENSE (MILLION 1 1947-49 DOLLARS) 
483. 1 482.8 483. 0 483.0 483.0 483.0 483.1 482. 8 
549. 4 547.2 548. 2 548.5 548.4 548.4 549.3 547. 4 
847. 1 843.1 844. 7 845.8 845.2 845.2 846.6 843. 8 
1271. 3 1265.6 1267. 8 1269.2 1268.5 1268.5 1270.6 1266. 3 
INTEREST ON STOCKS (MILLION 1947-49 DOLLARS) 
742. 2 741.3 741. 7 741.7 741.7 741.7 742.2 741. 3 
792. 4 786. 8 789. 3 790.1 789.7 789.7 792.0 787. 2 
868. 2 859. 7 862. 5 866. 0 864.1 864.1 866. 5 861. 6 
939. 4 929.3 931. 9 936.9 934.4 934.4 936.9 931. 9 
REAL ESTATE TAX EXPENSE (MILLION 1947-49 DOLLARS) 
372. 6 372.6 372. 6 372.6 372.6 372.6 372.6 372. 6 
312. 0 311.9 312. 0 312.0 312.0 312.0 312.0 311. 9 
418. 7 418.3 418. 5 418.5 418.5 418.5 418.8 418. 2 
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149.3 149.7 149.5 
164.0 164.9 164.3 
187.9 188.8 188.3 
212.9 213.5 213.1 
N (MILLION LIVESTOCK I 
149.5 149.5 149.5 
164.4 164.4 164.4 
188.4 188.3 188.3 
213.3 213.2 213.2 
ITS» 
149.3 149.7 146.5 
163.9 164.9 159.3 
187.8 188.9 184.5 
212.8 213.6 210,5 
LIVESTOCK MARKETINGS (1947-49 = 100» 
77.8 78.1 78.0 78.0 78.0 78.0 77.8 78.1 75.7 
92.4 93.3 92.8 92.8 92.8 92.8 92.4 93.3 87.4 
116.8 117.8 117.2 117.4 117.3 117.3 116.7 117.9 113.1 
143.6 144.3 143.8 144.1 143.9 143.9 143.5 144.4 140.6 
61.2  60 .8  61 .0  
91.3 90.3 90.9 
76.5 75.3 76.0 
62.8 62.0 62.5 
PRICE (1947-49 = 100» 
61 .0  61 .0  61 .0  
90.8 90.9 90.9 
75.8 75.9 75.9 
62.3 62.4 62.4 
61.2 60. 8 63.4 
91.4 90.3 97,1 
76.6 75.2 80.8 
62.9 61.9 66.4 
GROSS INCOME (MILLION 1947-49 DOLLARS» 
7881.8 7873.8 7877.9 7877.9 7877.9 7877.9 7881,8 7873,8 7921,4 
13779.4 13757.5 13770.1 13769.1 13769.6 13769.6 13779.9 13756.9 13849.7 
14524.3 14426.7 14484.0 14467.9 14476.6 14476.6 14531.6 14417.8 14848.4 
14732.6 14619.7 14693.1 14657.5 14675.6 14675.6 14750.1 14601.6 15224.0 
TABLE 22.  AVERAGE LEVELS OF SELECTED FEED GRAIN VARIABLES FOR SIMULATIONS 9 THROUGH 
17;  1932-39,  1940-49,  1950-58,  1959-67 





ACRES (MILLION ACRES) 
150.3 148.9 149.5 149.6 149.6 149.6 150.2 148.9 100.0 
129.8 137.5 137.7 140.0 138.8 138.8 138.7 138.8 100.0 
135.9 134.0 133.7 136.4 134.9 134.9 134.7 135.4 100.0 





STOCK PHYSICAL ASSETS (MILLION 1947-49 DOLLARS) 
16285.8 15861.6 16069.0 16075.7 16072.4 16072.4 16282.4 15864.8 12069.9 
19147.0 18353.7 18668.6 18906.4 18781.8 18781.8 19031.6 18476.5 15155.0 
24641.2 23798.0 24050.7 24386.1 24208.6 24208.6 24480.5 23972.2 20015.6 





FERTILIZER EXPENSE (MILLION 1947-49 DOLLARS) 
73.3 67.9 70.6 70.6 70.6 70.6 73.3 68.0 16.6 
223.1 205.5 213.2 216.8 214.9 214.9 221.3 207.3 116.4 
517.0 492.5 500.8 509.5 504.8 504.8 512.9 497.1 391.1 





SEED EXPENSE (MILLION 1947-49 DOLLARS) 
177.5 175.2 176.3 176.4 176.3 176.3 177.5 175.2 90.1 
208.7 204.3 20^.7 208.8 206.7 206.7 206.7 206.4 122.2 
234.4 230.1 229.5 235.4 232.2 232.2 231.7 233.3 161.0 





LABOR REQUIREMENTS (MILLION MAN-HOURS) 
2929.4 2913.3 2920.8 2922.0 2921.4 2921.4 2928.8 2913.9 2266. 
2222.6 2200.2 2197.9 2228.5 2212.5 2212.5 2208.0 2216.2 1693. 
1235.1 1218.9 1209.7 1246.1 1226.7 1226.7 1218.1 1238.3 756. 
599.6 592.8 585.2 606. 2 596.2 596.2 588,6 602.8 445. 
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MACHINERY 1 EXPENSE ( MILLION 1947-49 DOLLARS) 
512.0 513.0 513.0 513.0 513.0 514.1 512. 0 
637.1 640. 8 640.8 640.8 640.8 643.9 637. 2 
1088.4 1093.0 1092.8 1092.9 1092.9 1097.5 1088. 2 
977. 8 981.6 980.9 981.3 981.3 985.2 977. 5 
REAL ESTATE EXPENSE (MILLION 1947-49 DOLLARS) 
547.4 556. 5 556.9 556.7 556.7 566.0 547. 6 
617.1 630.9 641.7 636.0 636.0 646. 8 622. 7 
772.9 783.5 797.7 790.2 790.2 801.7 780. 2 













FUEL, OIL AND REPAIRS EXPENSE (MILLION 1947-49 DOLLARS) 
334. 8 335,2 335.2 335.2 335.2 335.6 334. 8 
525.8 527.2 527.3 527.2 527.2 528. 5 525. 8 
783.1 784.9 784.8 784.8 784.8 786.7 783. 0 
779.6 781.1 780.9 781.0 781.0 782.6 779. 5 
MISCELLANEOUS EXPENSE J MILLION 1947-49 DOLLARS ) 
173.1 175.9 175.9 175.9 175.9 178.7 173. 1 
205.0 209.5 212.6 211.0 211.0 214.5 206. 6 
307.6 311.2 316.0 313. 5 313. 5 317.4 310. 1 
463.9 466.0 470.0 468.1 468.1 470.4 465. 8 
INTEREST ON STOCKS (MILLION 1947-49 DOLLARS) 
211.5 213.0 213.0 213.0 213.0 214.5 211. 5 
259.3 261.3 262.9 262.1 262.1 263.6 260. 1 
300.0 301.8 305.4 303.4 303.4 305.3 302. 0 





















TABLE 22.  CONTINUED 
YEARS SIM 9 SIM 10 SIM 11 SIM 12 SIM 13 SIM 14 SIM 15 SIM 16 SIM 17 
1 
1 REAL ESTATE TAX EXPENSE (MILLION 1947-49 DOLLARS! 
1932-39 1 135.8 131.5 133.6 133.6 133.6 133.6 135.7 131.5 92.6 
1940-49 1 121.2 114.5 117.1 119.2 118.1 118.1 120.2 115.5 89.3 
1950-58 ! 157.9 150.8 152.9 155.8 154.3 154.3 156.6 152.3 118.4 
1959-67 1 
1 
215.4 210.1 211.6 213.8 212.7 212.7 214.1 211.3 198.2 
1 
1 PRODUCTION (MILLION TONS) 
1932-39 1 83.8 82.3 83.0 83.0 83.0 83.0 83.8 82.3 61.9 
1940-49 1 108.1 106.1 106.8 107.6 107.2 107.2 107.7 106.5 91.4 
1950-58 1 121.4 118.7 119.4 120.8 120.1 120.1 120.8 119.5 101.4 
1959-67 1 
i 
150.1 147.3 167.9 149.4 148.7 148.7 149.3 148. 1 138.2 
1 
1 PRICE (DOLLARS PER TON) 
1932-39 \ 38.72 36.31 37.55 37.54 37.54 37.54 38.72 36.31 56.85 
1940-49 1 48.52 45.16 47.13 46. 80 46.97 46.97 48.68 45.00 60.83 
1950-58 1 43.04 40.37 42.00 61.31 41.68 41.68 43.36 40.00 54.62 
1959-67 1 
1 
33.98 32.41 33. 55 32.86 33.19 33.19 34.35 32.09 37.65 
1 
1 GROSS INCOME (MILLION 1947-49 DOLLARS) 
1932-39 1 862.3 820.4 841. 5 841.6 841.6 841.6 862.2 820.4 903.5 
1940-49 1 1638.3 1565. 5 1604.5 1604.5 1604.5 1604.5 1638.2 1565.6 1687.2 
1950-58 1 2015.1 1945.7 1981.2 1977.1 1979.4 1979.4 2016.8 1943.3 2065.4 
1959-67 1 
1 
2758.3 2 706.1 2736.1 2727.8 2731.7 2731.7 2762.6 2702.2 2768.6 
TABLE 23.  AVERAGE LEVELS OF SELECTED WHEAT VARIABLES FOR SIMULATIONS 9  THROUGH 17;  
1932-39,  1940-49,  1950-58,  1959-67 





ACRES (MILLION ACRES) 
59.6 59.6 59.6 59.6 59.6 59.6 59.6 59.6 50.0 
62.4 62.4 62.8 62.0 62.4 62.4 62.8 62.0 50.0 
60.2 60.2 60.8 59.6 60.2 60.2 60.8 59.6 50.0 





STOCK PHYSICAL ASSETS (MILLION 1947-49 DOLLARS) 
4543.9 4543.4 4545.5 4541.8 4543.6 4543.6 4545.8 4541.5 4017.8 
5624.8 5622.6 5712.1 5528.8 5623.8 5623.8 5713.1 5527.5 4820.8 
7089.9 7086.8 7226.0 6931.3 7088.4 7088.4 7227.5 6929.8 6337.1 





FERTILIZER EXPENSE (MILLION 1947-49 DOLLARS) 
15.7 15,7 15.8 15.7 15.7 15.7 15.8 15.7 11.3 
59.0 59.0 59.7 58.2 59.0 59.0 59.7 58.2 52.0 
112.3 112.2 113.6 110.6 112.2 112.2 113.6 110.6 103.2 





SEED EXPENSE (MILLION 1947-49 DOLLARS) 
150.6 150.5 150.6 150.5 150.5 150.5 150.6 150.5 128.5 
157.5 157.5 158.4 156.5 157.5 157.5 158.4 156.5 129.0 
153.2 153.1 154.3 151.7 153.1 153.1 154.4 151.7 129.7 





LABOR REQUIREMENTS (MILLION MAN-HOURSl 
476.1 476.1 476.1 476.0 476.1 476.1 476.2 476.0 412.6 
398.2 398.2 399.5 396.7 398.2 398.2 399.5 396.7 314.5 
234.4 234.4 234.7 234.0 234.4 234.4 234.7 234.0 161.7 
137.3 137.4 136.7 138.3 137.3 137.3 136.7 138.3 124.6 
TABLE 23.  CONTINUED 






















MACHINERY EXPENSE ( MILLION 1947-49 DOLLARS) 
3 103. 3 103.3 103.3 103.3 103.3 103.3 103. 3 104.9 
149. 8 149.7 151.4 148.0 149.7 149.7 151.4 148. 0 154.2 
271. 5 271.4 275.8 266.5 271.5 271.5 275.8 266. 4 280.5 244. 6 244.5 249. 0 240.1 244. 5 244.5 249.0 240. 0 249.2 
193. 
REAL ESTATE EXPENSE (MILLION 1947-49 DOLLARS) 
0 193.0 193.1 192.9 193.0 193.0 193. 1 192. 9 167.9 236. 1 236.0 240.0 231.8 236.1 236.1 240.1 231. 7 196.9 280. 6 280.4 286.2 274.0 280. 5 280.5 286.3 274. 0 243.8 310. 2 310.1 314.6 306.1 310.1 310.1 314.7 306. 1 303.5 
80. 
FUEL, OIL AND REPAIRS EXPENSE (MILLION 1947-49 DOLLARS! 
5 80.4 80.5 80.4 80.4 80.4 80.5 80. 4 64.3 
170. 5 170.4 172.0 168.8 170.4 170.4 172.0 168. 8 150.9 
261. 8 261.7 264.9 258.1 261.7 261.7 264.9 258. 1 248.3 
260. 7 260.7 263.6 257.8 260.7 260.7 263.7 257. 8 260.5 
65. 
MISCELLANEOUS EXPENSE (MILLION 1947-49 DOLLARS) 
1 65.1 65.1 65.1 65.1 65.1 65.1 65. 1 57.6 
79. 7 79.6 80.9 78.3 79.6 79.6 80.9 78. 3 68.3 
115. 2 115.2 117.2 112.9 115.2 115.2 117.3 112. 9 103.6 
165. 3 165.3 167.0 163.7 165.3 165.3 167.0 163. 7 163.3 
41. 
INTEREST ON STOCKS (MILLION 1947-49 DOLLARS) 
7 41.7 41.7 61.7 41.7 41.7 41.7 41. 7 40.1 
45. 5 45.5 45.6 45.4 45.5 45.5 45.6 45. 4 43.6 
50. 7 50.6 50.9 50.3 50.6 50.6 50.9 50. 3 47.7 
51. 4 51.4 51.8 51.1 51.4 51.4 51.8 51. 1 50.7 
§ 
TABLE 23.  CONTINUED 


































































PRODUCTION (MILLION BUSHELS) 
732.2 731.8 732.0 732.0 732.2 
1079.7 1067.4 1073.8 1073.8 1079.8 
1128.3 1103.8 1117.0 1117.0 1128.4 
1248.5 1219.8 1233.7 1233.7 1248.7 
PRICE (DOLLARS PER BUSHEL) 
1.09 1.08 1.09 1.09 1.09 
1.80 1.70 1.75 1.75 1.80 
1.69 1.58 1.63 1.63 1.69 
1.38 1.31 1.35 1.35 1.38 
GROSS INCOME (MILLION 1947-49 DOLLARS) 
639.6 643.5 636.0 639.7 639.7 643.7 
1695.5 1752.5 1632.9 1696.2 1696.2 1753.1 
1682.4 1753.4 1606.6 1683.2 1683.2 1754.2 

































TABLE 24.  AVERAGE LEVELS OF SELECTED SOYBEANS VARIABLES FOR SIMULATIONS 9  THROUGH 
17;  1932-29,  1940-49,  1950-58,  1959-67 
YEARS SIM 9 SIM 10 SIM 11 SIM 12 SIM 13 SIM 14 SIM 15 SIM 16 SIM 17 
1 
1 ACRES (MILLION ACRES) 
1932-?9 1 2.0 2.5 2.3 2.3 2.3 2.3 2.0 2. 5 1.0 
1940-49 1 8.0 9.4 8.6 8.7 8.9 8.4 8.0 9.4 6.0 
1950-58 1 19.7 21.3 20.3 20.6 20.9 20.0 19.5 21.4 16.6 
1959-67 1 
1 
31.7 32.7 32.0 32.4 32. 5 31.9 31.5 32.9 28.5 
1 
1 STOCK PHYSICAL ASSETS (MILLION 1947-49 DOLLARS) 
1932-39 1 214.2 252. 1 233.1 233.1 233.1 233.1 214.2 252. 1 139.3 
1940-49 1 1024.7 1176. 6 1089.5 1096.8 1129.2 1059.1 1021.1 1179.9 879.4 
1950-58 I 3171.3 3453.6 3289.5 3329.3 3432.7 3187.9 3152.9 3474.8 2929.6 
1959-67 \ 
1 
6818.2 7101.1 6924.3 6993.8 7153.6 6768.9 6783.6 7135.7 6547.6 
t 
1 FERTILIZER EXPENSE (MILLION 1947-49 DOLLARS) 
1932-39 1 0.5 0.7 0.6 0.6 0.6 0.6 0.5 0.7 0.2 
1940-49 i 1.8 3.6 2.4 2.5 3.0 2.1 1.7 3.7 0.8 
1950-58 1 18.5 27.3 22.1 23.0 25.9 19.4 18.1 27.7 12.8 
1959-67 1 
1 
68.0 82. 8 74.0 76.3 82.6 67.8 66. 8 84.0 55.5 
1 
1 SEED EXPENSE (MILLION 1947-49 DOLLARS) 
1932-39 1 9. 1 11.0 10.0 10.0 10.0 10.0 9.1 11.0 5.2 
1940-49 1 31.9 37. 3 34.2 34.5 35.5 33,4 31.8 37.4 24.2 
1950-58 1 77.3 83. 6 79.9 81.0 82.1 78.6 76.8 84.2 65.6 
1959-67 1 124.1 128. 1 125.5 126.8 127.2 125.0 123.5 128.8 111.6 
\ 
1 LABOR REQUIREMENTS (MILLION MAN-HOURS) 
1932-39 1 30.3 34.4 32.4 32.4 32.4 32.4 30.3 34.4 21.9 
1940-49 1 59.9 71.8 65.1 65.6 67.3 63.3 59.7 72.0 43.2 
1950-58 1 109. 8 123.7 115.6 117.8 120.5 112.8 108.7 124.9 84.3 
1959-67 1 155.2 163.9 158.2 161.0 162.0 157.2 153.8 165.4 127.6 
TABLE 24.  CONTINUED 





















MACHINERY EXPENSE (MILLION 1947-49 DOLLARS) 
11. 8 11.8 11.8 11.8 11.8 11. 8 11. 8 11. 8 11.9 
41. 2 42. 8 41.9 41.9 42.3 41.5 41.2 42. 8 44.0 
126. 7 132.6 129.2 129.5 132.9 126.1 126.6 132. 7 137.1 
276. 0 287.2 280.8 281.7 290.3 272.6 275.5 287. 6 296.9 
REAL ESTATE EXPENSE (MILLION 1947-49 DOLLARS) 
7. 7 9.4 8.5 8.5 8.5 8.5 7.7 9. 4 4.3 
37. 9 44.6 40.8 41.1 42.5 39.4 37.7 44. 8 30.7 
117. 9 129.6 122.8 124.6 128.6 118.8 117.1 130. 6 104.1 
251. 5 261.6 255.1 258.1 263.4 249.9 250.0 263. 1 2 34.4 
FUEL, OIL AND REPAIRS EXPENSE (MILLION 1947-49 DOLLARS) 
6. 8 6. 8 6. 8 6.8 6.8 6.8 6.8 6. 8 6.9 
39. 2 40.4 39.7 39.7 40.1 39.4 39.2 40. 4 41.3 
109. 6 114.0 111.5 111.7 114.3 109. 1 109.5 114. 1 117.4 
225. 7 234. 1 229.3 230.0 236.5 223.2 225.4 234. 4 241.4 
MISCELLANEOUS EXPENSE (MILLION 1947-49 DOLLARS ) 
6. 8 7.1 6.9 6.9 6.9 6.9 6.8 7. 1 6.1 
14. 5 16.0 15.1 15.2 15. 5 14.9 14.4 16. 0 12.9 
41. 7 44.9 43.0 43.4 44.5 42.0 41. 5 45. 1 39.2 
125. 1 128. 5 126.4 127.2 129.0 124.7 124.7 128. 9 121.5 
INTEREST ON STOCKS (MILLION 1947-49 DOLLARS) 
1. 9 2.1 2.0 2.0 2.0 2.0 1.9 2. 1 1.4 
9. 2 9. 9 9.5 9.5 9.6 9.4 9.2 9. 9 8.3 
22. 8 24.1 23.3 23.5 24.0 22.9 22.7 24. 2 21.9 
45. 7 47. 6 46.4 46.8 47.8 45.5 45.5 47. 8 44.4 
TABLE 24.  CONTINUED 
YEARS SIM 9 SIM 10 SIM 11 SIM 12 SIM 13 SIM 14 SIM 15 SIM 16 SIM 17 
1 
1 REAL ESTATE TAX EXPENSE (MILLION 1947-49 DOLLARS) 
1932-39 1 1.8 2.2 2.0 2.0 2.0 2.0 1.8 2.2 0.9 
1940-49 1 6.5 7.7 7.0 7.1 7.3 6.7 6.4 7.7 5.1 
1950-58 1 22.1 24.3 23.0 23.4 24.2 22.2 21.9 24.5 19.3 
1959-67 1 
1 
49.2 51.2 49.9 50.5 51. 6 48.9 48.9 51.5 45.7 
1 
! PRODUCTION (MILLION BUSHELS) 
1932-39 1 37.2 41.4 39.3 39.3 39.3 39.3 37.2 41.4 28.0 
1940-49 \ 170.5 181.5 175.1 175.6 177.5 173.7 170.3 181.7 157.4 
1950-58 1 395.6 419. 0 405.6 408.3 416.7 397.3 394.3 420.3 381.6 
1959-67 1 
1 
786. 0 816. 7 798.1 804.1 820.6 782.0 783.0 819.6 771.2 
1 
1 PRICE (DOLLARS PER BUSHEL) 
1932-39 1 1.60 1.60 1.60 1.60 1.60 1.60 1.60 1.60 2.50 
1940-49 1 2.51 2.49 2.50 2.50 2.56 2.44 2.51 2.49 3.06 
1950-58 1 2.18 2.15 2.17 2. 17 2.21 2.13 2.18 2.15 2.44 
1959-67 1 
i 
1.86 1.82 1.85 1.84 1.85 1.83 1.87 1.82 2.00 
1 
1 GROSS INCOME (MILLION 1947-49 DOLLARS) 
1932-39 1 49.8 56.2 53.1 53.1 53. 1 53.1 49.8 56. 2 59.0 
1940-49 1 407. 6 432. 7 417.9 419.1 435. 1 403.7 407.1 433.2 454.8 
1950-58 1 824.2 861. 0 840.1 844.4 878.6 806.9 822.1 862.1 890.0 
1959-67 1 
1 
1405.2 1426.6 1414.0 1418.2 1460.4 1372.5 1403.1 142 8. 6 1466.1 
TABLE 25.  AVERAGE LEVELS OF SELECTED U.S.  VARIABLES FOR SIMULATIONS 9  THROUGH 17;  
1932-39,  1940-49,  1950-58,  1959-67 





















384.1 383.2 383.7 
372.6 371.8 371.5 
377.6 377.3 376.6 
342.7 342.6 342.1 
RES (MILLION ACRES) 
383.7 383.7 383.7 
373.1 372.5 372.0 
378.4 377.9 377.0 
343.2 342.9 342.4 
384.1 383.3 323.2 
371.9 372.6 318.4 
376.8 378.3 328.5 
342.1 343.2 326.8 
STOCK PHYSICAL ASSETS (MILLION 1947-49 DOLLARS) 
85045. 84632. 84836. 84839. 84837. 84837. 85044. 84633. 79770. 
93960. 93204. 93572. 93651. 93645. 93575. 93920. 93244. 87911. 
119946. 119181. 119485. 119626. 119677. 119431. 119876. 119251. 113247. 
143373. 142762. 142959. 143157. 143256. 142870. 143269. 142857. 139941. 
FERTILIZER EXPENSE (MILLION 1947-49 DOLLARS) 
279.7 274.6 277.1 277.1 277.1 277.1 279.7 274.6 218.3 
689.5 673.8 681.0 683.2 682.6 681.7 688.4 674.9 574.9 
1323.1 1307.3 1311.8 1318.4 1318.2 1311.8 1320.0 1310.7 1182.5 
2264.4 2257.9 2256.2 2265.1 2268.2 2253.4 2259.9 2262.3 2139.2 
SEED EXPENSE (MILLION 1947-49 DOLLARS) 
325.1 324.6 324.8 324.9 324.9 324.9 325.1 324.6 211.8 
522.2 523.1 521.4 523.9 523.5 521.7 521.0 524.4 399.6 
580.2 582.2 579.2 583.5 582.9 579.4 578. 2 584.6 471.7 
624.7 626.3 623.9 627.1 626.6 624.4 623.1 627.9 575.3 
LABOR REQUIREMENTS (MILLION MAN-HOURS) 
21621.9 21614.7 21617.8 21618.9 21618.3 21618.3 21621.3 21615.3 20854.7 
18753.9 18756.7 18741.5 18770.4 18757.3 18753.3 18740.1 18771.8 18049.3 
13139.4 13152.2 13126.5 13167.0 13149.2 13141.5 13120.5 13173.8 12510.4 
8740.5 8751.9 8731.6 8760.2 8748.7 8743.8 8725.8 8765.7 8502.6 
TABLE 25.  CONTINUED 





















MACHINERY EXPENSE (MILLION 1947-49 DOLLARS) 
1070.8 1068.8 1069,8 1069,8 1069,8 1069,8 1070.8 1068.7 
1425,4 1420.0 1424,6 1421.2 1423,4 1422,6 1427,0 1418,4 
2623.2 2619.5 2625.4 2616.1 2624.7 2617.9 2627.5 2614.4 
2742.8 2745.7 2748.3 2739.4 2752.9 2735.2 2747.2 2741.2 
REAL ESTATE EXPENSE (MILLION 1947-49 DOLLARS) 
3377.7 3360.6 3369.0 3369.2 3369.1 3369.1 3377.7 3360.7 
3749,1 3720.4 3734,5 3737.4 3737,4 3734,2 3747,6 3721,9 
4708,1 4682.1 4692,7 4696,3 4699,4 4689,6 4706,2 4683,8 
5657.3 5639.1 5645,6 5650,3 5654,8 5641,4 5654,8 5641,3 





























































(MILLION 1947-49 DOLLARS) 
1296,9 1296,9 1299.7 1294.1 
1510.4 1509,8 1515.0 1504.3 
2207.1 2204.5 2211,4 2200.4 





































TABLE 25.  CONTINUED 





REAL ESTATE TAX EXPENSE (MILLION 1947-49 DOLLARS) 
747.0 743.1 745.0 745.1 745.0 745.0 747.0 743.1 b95.8 
644.7 639.2 642.0 642.5 642.5 641.9 644.5 639.5 609.0 
795.2 789.9 792.1 792.8 793.4 791.5 794.9 790.2 753.0 





PRODUCTION EXPENSES (MILLION 1947-49 DOLLARS) 
10587.7 10545.4 10566.3 10566.5 10566.4 10566.4 10587.6 10545.5 9797.3 
16038.3 15948.3 15988.4 16004.3 16000.8 15992.0 16030.3 15956.2 14538.7 
19742.5 19668.6 19684.7 19725.7 19720.2 19688.0 19723.2 19690.2 18378.0 





GROSS INCOME (MILLION 1947-49 DOLLARS) 
17852.6 17808.7 17834.7 17827.3 17831.0 17831.0 17856.3 17805.0 17867.9 
30007.3 29936.3 30030.2 29910.8 29990.5 29959.1 30063.5 29873.0 30284.6 
30303.6 30171.7 30314.7 30152.0 30273.8 30202.1 30380.7 30066.1 30825.3 





NET INCOME (MILLION 1947-49 DOLLARS) 
7265.0 7263.3 7268.4 7260.9 7264.6 7264.6 7268.7 7259.5 8070.6 
13969.1 13988.1 14041.7 13906.4 13989.7 13967.1 14033.2 13916.7 15745.9 
10561.1 10503.1 10630.0 10426.3 10553.6 10514.1 10657.5 10395.8 12447.3 
9836.1 9742.1 9893.2 9692.4 9807.7 9771.4 9939.7 9644.8 11344.5 
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dation run to $38.81 or 3.2 percent. The annual average feed grain gross 
income estimate drops by $30 million for the 36 year period. 
Fertilizer and lime expenditures are $9 million below Simulation 1 
estimates. Reductions in the other input categories are also observed and 
together the lower input levels cause production to decline by 1 percent. 
For the 1959-67 period, government inventories drop by over one-third, 
from 21.7 million tons in Simulation 1 to 13.4 million tons. 
The simulation model implicitly contains a supply elasticity for each 
crop. Input levels generated in the model are influenced by commodity 
prices and incomes. These input estimates are used via production func­
tions to estimate output. Hence, we can trace the effects of a crop price 
change on production by way of the changes in input usage. The feed grain 
supply elasticity estimates reported in Table 26 are derived by first 
calculating the average percent change in production and the average per­
cent change in price of Simulation 9 (Simulation 10) estimates from Simu­
lation 1 results for the 36 year period. Then the percentage change in 
production is divided by the percentage change in price for the respective 
simulations. The average responsiveness of input demands to changes in 
crop prices is estimated similarly. The input demand elasticities with 
respect to feed grain prices reported in Table 26 are calculated by divid­
ing the percent change in input levels by the percent change in feed grain 
prices. 
The supply elasticity is calculated at .3 with higher feed grain 
prices and .2 with lower prices. The fertilizer and lime cross demand 
elasticity with respect to feed grain price using Simulation 9 results. 
308 
Table 26. Estimated supply and cross input demand elasticities with 
respect to feed grain prices implied from results of 
Simulations 9 and 10* 
Category Sim, 9 Sim, 10 
Supply elasticity 
Production .313 .201 
Cross input demand elasticity 
Fertilizer and lime .619 .610 
Seed .257 .260 
Labor .143 .146 
Machinery .127 .124 
Real estate .622 .604 
Fuel, oil, repairs .065 .065 
Miscellaneous .521 .508 
Real estate taxes .616 .598 
^Elasticity estimates are calculated by dividing the percent change 
in variable quantity by the percent change in feed grain price. The 
elasticities measure responsiveness to increases in feed grain prices 
observed in Simulation 9 and to decreases in feed grain prices observed 
in Simulation 10. 
indicates a 1 percent increase in the price of feed grains, increases 
fertilizer and lime quantity by .6 percent. 
Wheat support prices changed by 10 percent (Simulations 11 and 12) 
The estimated levels of selected wheat variables with wheat price supports 
increased by 10 percent and with wheat price supports decreased by 10 per­
cent are presented in Table 23 under column headings SIM 11 and SIM 12 
respectively. Changes in livestock, feed grain, soybean and national 
variables can be observed for these simulations in Tables 21, 22, 24 and 25. 
With wheat support prices increased by 10 percent, the average price 
of wheat for the 1932-67 period increases from $1.47 per bushel to $1.51 
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per bushel or about 2.5 percent. Gross income is up $49 million. 
Machinery purchases increase by 1.5 percent due to higher incomes. 
Machinery fixed cost and operating expenses are higher by about $2 million 
each. Increases in acreage of one-half of one percent push real estate 
expenses and taxes upward by $2.5 million anu $1 million respectively. 
Miscellaneous expense increases by 1.2 percent over Simulation 1 results 
for the 36 year period. Fertilizer, seed, labor and interest on stocks 
estimates also increase, but by very little. 
Production of wheat increases by 8 million bushels. With higher wheat 
prices, the model estimates reduced feed grain acreages, feed grain input 
levels, and feed grain production. Feed grain prices increase by one-half 
of one percent and feed grain gross income estimates are $2 million dollars 
higher. 
Results from Simulation 12, in which wheat support prices are reduced 
10 percent, show a decline in wheat prices of 2.6 percent and a 3.4 percent 
drop in wheat gross income. 
The lower price estimates cause (with a lag) wheat acreage to decline 
while lower gross income estimates slow increases in machinery purchases as 
compared to the validation run. These lower estimates set the stage for 
reductions in machinery and real estate related expenses. The percentage 
changes in the acreage, machinery and real estate variables are nearly the 
same as in Simulation 11 but in the opposite directions. Estimated levels 
for the other input categoreis also decline, roughly by the same proportion 
as they increased in the last simulation. 
Government inventories decrease by 12 percent with a 10 percent 
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reduction in wheat price supports, or 57 million tons on the average 
over the 1932-67 period. 
Table 27 contains estimates of wheat supply elasticity with respect 
to wheat prices and estimates of cross input demand elasticities based 
on the results of Simulations 11 and 12. 
Table 27. Estimated supply and cross input demand elasticities with 
respect to wheat prices Implied from the results of 
Simulations 11 and 12* 
Category Sim. 11 Sim. 12 
Supply elasticity 
Production ,316 .315 
Cross input demand elasticities 
Fertilizer and lime .352 .354 
Seed ,210 .211 
Labor ,040 .039 
Machinery expense .555 .565 
Real estate expense .579 .577 
Fuel, oil, repairs .401 .408 
Miscellaneous expense .486 .485 
Real estate taxes .628 .619 
Elasticity estimates are calculated by dividing the percent change 
in variable quantity by the percent change in wheat price. The 
elasticities measure responsiveness to increases in wheat prices observed 
in Simulation 11 and to decreases in wheat prices observed in Simu­
lation 12. 
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Soybean price supports changed by 10 percent (Simulations 13 and 14) 
Model results from increasing soybean price supports by 10 percent and 
decreasing them by 10 percent are reported in Tables 21 through 25 under 
column headings SIM 13 and SIM 14. 
While a 10 percent increase in supports increased soybean prices only 
1.5 percent over the 36 year period, soybean acreages, resource use and 
production were stimulated proportionally more than price. During the 
1932-67 period, acreage and seed expense estimates increase by 1.5 percent. 
The remaining input categories increase between 2 and 3 percent except the 
fertilizer and lime input which is 10 percent higher. The average annual 
production estimate is 7 million bushels above the validation run or a 2.1 
percent increase. Higher prices and more output resulted in a 3,5 percent 
increase in soybean gross income ($24 million). 
Simulation 14 results also indicate the apparent responsiveness of 
soybean acreage and resource use to changes in soybean prices. Assuming 
a 10 percent reduction in soybean price supports, soybean prices decline 
by 1.5 percent or only three cents per bushel. Again, the cumulative 
effects of this modest but sustained price decline over the observation 
period on resource use is substantial. Fertilizer and lime expenditures 
are down 11.3 percent on the average. Machinery fixed cost and operating 
expenses are down over 2,5 percent and real estate expense tax estimates 
decline 3 percent. The other input estimates are from 1,5 to 2.0 percent 
lower. 
Production declines by 8 million bushels or 2.2 percent for the 36 
year period. The reduction in price supports decreases soybean gross 
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income by $24 million or by the amount soybean gross income increased with 
the higher soybean price support assumption. 
Corn and wheat support prices changed by 10 percent (Simulations 15 
and 16) Previous simulation models have assumed changes in the price 
support levels of all model crops and changes in price supports for corn, 
wheat and soybeans separately. In Simulation 15 the support prices of two 
crops, corn and wheat, are raised 10 percent and in Simulation 16 corn and 
< 
wheat support prices are decreased by 10 percent. The model estimates for 
selected feed grain and wheat variables are presented in Tables 22 and 23. 
Feedback influences from variable changes in the feed grain and wheat 
sectors on livestock and soybean variable levels are tabulated in Tables 
21 and 24. 
With corn and wheat price supports up 10 percent, feed grain prices 
increase $1.44 per ton above Simulation 1 estimates. This 1932-67 period 
average price increase is 20 cents per ton higher than Simulation 9, in 
which only corn price supports were higher. Higher wheat supports along 
with higher corn support prices tend to dampen the feed grain acreage 
increases that are predicted in Simulation 9. Lower feed grain acreage 
estimates and smaller increases in the capital inputs applied to the land 
cause feed grain production to be 400 thousand tons less than in Simu­
lation 9 but 600 thousand tons more than in the validation run. With pro­
duction lower and with less substitution of wheat for feed grains in live­
stock rations than in Simulation 9, the 20 cents per ton increase in feed 
grain price results. The feed grain gross income estimates average 1 mil­
lion dollars higher during the 1932-67 period than in Simulation 9. 
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The wheat variable levels are virtually unchanged from the levels 
observed in Simulation 11, which assumed a 10 percent increase in only 
wheat support prices. 
The depressing effects on soybean acreage, resource-use and production 
observed in Simulation 9 (with only corn supports increased) are also 
present in this simulation. The relative magnitude of the coefficient for 
the feed grain price variable in the soybean acreage function makes the 
soybean sector especially sensitive to changes in the feed grain sector. 
Since the farm machinery and technology sets used to produce feed grains 
and soybeans are similar, farmers likely devote more land to feed grains 
and less to soybeans as feed grain price rises relative to soybean price. 
However, the cross elasticity of soybean acreage-use with respect to feed 
grain price is probably much lower than implied by the model (which is 
greater in absolute value than one). 
The tabled results of Simulation 16, with corn and wheat price 
supports decreased by 10 percent, show that feed grain resource-use and 
production do not decline by as much as when only corn support prices are 
reduced by 10 percent (Simulation lO). V'hile the differences are slight, 
the lower wheat prices generated in this simulation moderate the predicted 
reduction in feed grain acreages of Simulation 10 and, subsequently, the 
resource demand estimates are also above their respective Simulation 10 
levels. Hence, feed grain production is above Simulation 10 estimates, 
but about one-half of one percent lower than Simulation 1 results in each 
of the four periods tabled. The higher feed grain production estimates 
compared to Simulation 10 cause feed grain prices to be below the Simu­
314 
lation 10 price estimates. With inelastic feed grain demand, feed grain 
gross income is $1.5 million lower than in Simulation 10 for the 36 year 
period. 
Again the wheat variable estimates in this simulation, with corn and 
wheat supports lower, are substantially the same as the simulation results 
in which only wheat support prices were decreased (Simulation 12). 
Feed grain acreage set at 100.0 million acres and wheat at 50.0 million 
acres"Tslimilation 17) 
In this simulation, feed grain acreages are held at 100.0 million 
acres and wheat acreages are fixed at 50.0 million acres throughout the 
simulation period. The feed grain acreage assumption represents a 28 per­
cent reduction in feed grain acreage during the periods 1932-39 and 
1940-49, 25 percent fewer acres during the period 1950-58 and 8 percent 
fewer acres over the 1959-67 period. The assumed 50.0 million acreage 
level for wheat is also well below average observed wheat acreages for the 
1932-39, 1940-49 and 1950-58 periods (from 16 to 22 percent below). The 
estimates for this simulation are reported in Tables 21 through 25 under 
column heading SIM 17. 
Holding feed grain acreage to 100.0 million acres during the 1932-39 
period causes feed grain production to drop from the Simulation 1 estimate 
of 83.0 million tons to 61.9 million tons. For 1950-58, the Simulation 1 
and Simulation 17 feed grain production estimates are 120.1 and 101.4 mil­
lion tons respectively. From 1958-60, actual feed grain acreages were at 
about 130 million acres, but with the advent of the feed grain program in 
1961, feed grain acreages were below 108 million acres from 1961 to 1967 
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and below 100 million for 1964-66. Hence, restricting feed grain acreages 
to 100,0 million acres reduces the 1959-67 production estimate by only 
7 percent, a smaller proportion than for the other periods. 
The declines in feed grain production boost feed grain prices consid­
erably from 1932 through the fifties. For 1932-39, the price of feed 
grains jumps from the validation estimate of $37,54 to $56.85, or a 51 per­
cent increase. The feed grain estimates for the 1940-49 and 1950-58 
periods are 30 percent above Simulation 1 results. The average feed grain 
price over the entire 36 year period is 31 percent higher than the compa­
rable Simulation 1 estimate. 
Since with inelastic demand, prices increase by a larger percentage 
than production declines, gross income increases somewhat throughout the 
observation period. The 1932-67 average feed grain gross income estimate 
is up $67 million or 4 percent. 
Resource expenditures are lower for feed grains except for the machin­
ery related expense. Fertilizer and lime expenditures are lower by 20 
percent. Seed expense, man-hours of labor required and miscellaneous 
expenses are down by 33 percent, 26 percent and 16 percent respectively 
for the 1932-67 period. The higher feed grain price and gross income 
estimates hold machinery purchases, machinery stocks and machinery expenses 
at their Simulation 1 level even though acreages are lower. Hence the 
simulation model indicates that over the 36 year period the cumulative 
effect of higher incomes generated from feed grain production, with acreage 
held at 100 million, would have enhanced the substitution of machinery for 
labor in feed grain production. 
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Setting wheat acreage at 50 million acres throughout the simulation 
period is a less severe assumption than constraining feed grain acreage 
to 100 million acres. Over the 1932-67 period actual wheat acreage was 
59.2 million or about 15 percent higher than the 50 million acre assump­
tion. 
Due to higher wheat prices and gross income estimates, the reduction 
in the levels of inputs used for wheat production does not drop by as large 
a proportion as acreage. During the 1932-67 simulation period, wheat 
production declines by 7 percent but wheat acreage is 15 percent below the 
Simulation 1 acreage estimate. None of the input levels decrease by as 
much as acreage over the 36 year period except labor which declines by 
19 percent. Again, the results from the simulation model suggest that the 
resource mix would have included a larger percentage of capital inputs and 
less labor had wheat acreage been limited to 50 million acres during the 
36 year period. 
It should be emphasized that the labor estimates are man-hour require­
ments to produce the respective crops. The changes that would have 
occurred in the number of farm workers on farms would have undoubtedly been 
less than the changes in man-hour requirements would indicate. However, 
the continuation or even acceleration of the farm mechanization process 
would have put pressure on farmers to expand farm size to realize the 
economies of larger farm machinery. Also the higher returns in agriculture 
may have encouraged nonfarm corporations to buy up farm land and to operate 
it with fewer farm workers than originally occupied the land. Finally, if 
land from entire farms was "rented" by the government to keep feed grain 
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and wheat acreages down, many of the affected farmers would have left the 
farm-work force and taken nonfarm employment. 
The higher feed grain price estimates decrease the number of livestock 
production units on farms. The reduced livestock supplies increase live­
stock prices by 6 percent and livestock gross income by 2 percent during 
the 1932-67 period. Total production expenses for the United States for 
1932-67 decline by 6 percent while total farm gross income increases by 
1,5 percent. Total net farm income is up $1.5 billion for the entire 
period or 15 percent. 
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CHAPTER X. PROJECTIONS 
The econometric model developed in this study has been used, via 
simulation, to predict the likely impacts on the agricultural sector had 
alternative government policies and input price and productivity schemes 
been in effect during 1932-67. The model is employed in this chapter to 
project 1980 resource requirements in agriculture. Knowledge of "where 
agriculture is headed" in terms of resource requirements is useful to input 
supplying firms. But of even greater importance is the effect the up­
coming changes in the structure and organization of agriculture will have 
on farm incomes and on rural towns, institutions and educational units. 
Information on the future make-up of agriculture can also aid governmental 
agencies to better anticipate possible redirections in farm and rural 
programs designed to ease adjustments brought on by economic growth. 
A dynamic model, such as the one developed in this study, generates 
time paths of its endogenous variables. These time paths are determined 
by the specification of the model, the estimates of the parameters, the 
values of the exogenous variables and the initial values of the endogenous 
variables. In the simulation runs discussed in the preceding chapter, 
variable time paths for the years 1932-67 were generated for alternative 
assumptions on the levels of exogenous variables, given the model, the 
parameter estimates and 1931 data on the endogenous variables. This same 
general technique is used to project time paths of certain variables to 
1980. Rather than starting the simulation process in 1932, as in the 
previous runs, the simulation model begins in the first year beyond the 
observation period or 1968. The initial values for the endogenous 
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variables are their 1967 actual values. By inserting assumed values for 
the exogenous variables, the model iteratively generates projections of the 
endogenous variables for the desired number of years. 
The accuracy of the generated projections depends on the degree to 
which the following four assumptions are met: 
1. the model is specified correctly and the estimated structural 
coefficients are the true parameters, 
2. the structural coefficients will not change between the sample 
and forecast periods or if modifications are made in the structural 
coefficients, the modified coefficients are correct, 
3. the assumed values for the exogenous variables in future years 
are the values subsequently observed for those years, and 
4. the values of disturbance terms are equal to their expected 
value, that is, zero. 
The extent to which these formidable assumptions are violated will 
determine the validity of the projections. Hence, the projections are 
conditional long-run forecasts. The conditions being that the estimated 
functional relations of the model are valid in the extrapolation period and 
the assigned values for the exogenous variables turn out to be correct. 
These conditions or limitations must be kept in mind when reading and 
interpreting the projections made in this study. 
The resource projections are based, in part, on estimated agricultural 
production requirements during the next decade which are developed outside 
the model. Also, crop yields per acre are projected to 1980 in a separate 
set of calculations. The model uses the production and yield projections 
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to estimate crop acreage requirements. Hence, prior to running the pro­
jection model, estimates are made to 1980 for four sets of variables: 
1) the aggregate levels of demand for the model crops including domestic 
demands and alternative levels of export demands, 2) yields per acre for 
each crop, 3) values for exogenous variables that appear in the resource 
demand structural relations, and 4) values for resource demand variables 
for commodities not included in the simulation model. 
Projected Levels of Crop Demand 
The projected levels of domestic demand for crop output in 1980 are 
based on consumption projections published by the United States Department 
of Agriculture (28; 1; 14) and projections made by Mayer and Heady (91). 
In the August 1967 Feed Situation Report (14), Malcolm Clough estimates 
that 205 million tons of feed grains will be needed in 1980 to satisfy 
domestic feed grain demands. The 205 million ton estimate, based on a 
1980 population of 235 million people and continued expansion in consumer 
aggregate demand for livestock products, is used in this study. Total 
wheat food demand in 1980 is estimated at 559.3 million bushels, assuming 
the per capita consumption of wheat products in 1980 is 142.8 pounds as 
projected by Daly and Egbert (28), and again assuming a population of 235 
million people. Adding in estimated nonfood wheat demand for 1980, total 
domestic wheat demand is projected at 708.3 million bushels. Again, based 
on the Daly and Egbert study, with projected per capita consumption of 
cotton fiber in 1980 of 21.6 pounds, cotton mill consumption in 1980 is 
estimated at 10.1 million bales. Soybean commercial demand is projected 
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to be 800 million bushels in 1980 while tobacco domestic consumption is 
expected to remain at its 1967 level. Interpolations were made between 
the last year of observed data and the 1980 projections to give a complete 
series of estimates to 1980 for the commercial demand variables. 
Three levels of exports are projected to 1980 for feed grains, wheat, 
soybeans, cotton and tobacco. Under level one, exports of the five crops 
are assumed to be at their 1967 levels. Under level two, exports are 
assumed to increase at the 1932-67 trend level. Under level three, exports 
are assumed to increase at the 1950-67 trend level except soybean exports 
which are projected slightly above the 1950-67 trend at 600 million 
bushels. 
The trend level export projections were developed from regressions on 
a time variable assuming first-order autoregressive error structures with 
data from 1930-67. The 1967 actual demands and the projected 1980 domestic 
demands and alternative export demand levels are presented in Table 28. 
With ending year commodity stocks assumed constant throughout the 
projection period, the crop production requirements are the sum of domestic 
and export levels minus imports. The relevant crop imports are held at 
their 1967 levels* .3 million tons for feed grains, .9 million bushels 
for wheat and .1 million bales for cotton. Since three export levels are 
projected, three production requirement projections are used for each crop. 
Table 28. Demand levels for model crops, actual 1967 levels and projected levels for 1980 
Actual 1967 levels® Projected demands for 1980 
Commodity 
Alternative export levels for 1980 









































^Sources: (187; 189; 182; 194: 157). 
323 
Projected Yields 
Per acre yields for each crop are projected to 1980 using the follow­
ing autoregressive model 
^it " *i + CiTt + ej^t (10.1) 
Tt - Tt_i + 1 (10.2) 
where 
'it • "i'lt-l * "it' 
is the yield of the 1-th crop in year t; 
T is tine ("^^930 * " 38.0)? 
e^^ is the disturbance term the i-th crop yield equation; 
u^^ is a nonauotcorrelated disturbance term, and a^, c^ and are 
the parameters to be estimated. 
Since is ^ plus one, the estimation procedure can be simplified 
from the autoregressive least squares estimation technique discussed in 
Chapter IV. The i subscript is dropped in the following manipulations to 
reduce clutter. 
Substituting (10.3) into (10,1) and rearranging terms, we have 
- a - cT^ - pY^.i - ap - cpTj.j + 
or 
\ ' a(l-p) + pY^ i + cT^ - cpT^_^ + u^. (10.4) 
Substituting (10.2) into (10.4) yields 
Y^ • [a(l-p) + c] + pY^ ^ + c(l-p)T^_j + u^ 
- a' + pY^_^ + c'Tt.i + u^ (10.5) 
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Ordinary least squares can be used to estimate a', p and c'. The 
coefficient in the lagged dependent variable is the estimate of the first-
order autocorrelation coefficient. Estimates for the parameters a and c 
can be obtained as follows 
$ - i'Ai-e.) - È.7U-e.f 
and 
ê • ç'/d-E.) 
where a', c* and £ are ordinary least squares estimates of a', c' and p 
respectively. 
Table 29 contains yield equations for the model crops obtained by 
applying ordinary least squares to (10.5) using 1949-67 data for the feed 
grain equation and 1930-67 data for the others. The 1967 actual yields 
and the projected 1980 yields are also presented in Table 29. Feed grain 
yields in 1980 are projected at 2.45 tons per acre, which is very close 
to Clough's 1980 projected yield per acre of 2.42 tons (14). Wheat and 
soybean yields are expected to increase by one-third from 1967 to 1980. 
The national average yields projected for 1980 are 30.1 bushels per acre 
for wheat and 29.1 bushels per acre for soybeans. 
Projected Levels of Exogenous Variables 
To make projections for the dependent variables in an econometric 
model, values must be assigned to the exogenous variables that appear in 
the structural equation. The researcher must make judgements concerning 
the likely levels of these variables in the projection period. As an aid 
in making these Judgements, each of the exogenous variables in this study 
Table 29. Estimated yield equations, including standard errors (in parentheses) and related 
statistics for model crops using 1930-67 data, and actual 1967 and projected 1980 
yields per acre® 
Yields 
Crop Unit Intercept 
Lagged 









.961 .873 1.70 2.45 




.919 .848 24.6 30.1 




.903 .768 24.1 29.1 




.950 .901 .793 1.287 




.964 .823 2,052.1 2,437.4 
The yield series used in the regressions were calculated by dividing total production by 
acreage. Acreage figures used in this study do not include land used for forage, silage or hay but 
do include crop acreages that are abandoned due to damage caused by floods, drought, insects etc. 
Hence, the actual 1967 yield figures are somewhat below published yields per harvested acre. 
^Theil-u statistic. 
^The feed grain equation uses data from 1949-67. 
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was projected to 1980 based on past trends. The autoregressive trend 
model, (10.1} through (10.3), was fitted to 1930-67 and 1948-67 data for 
each of the exogenous variables. The simple linear trend model (10.l) 
without the autocorrelated errors assumption (10.3) was also used. Equa­
tion (10.l) forces a constant absolute annual change in predicted variable. 
Other functional forms were also tried to accommodate other change 
patterns in the variables. 
Yi • Bi + b^/r (10.6) 
log = log a^ + bl (10.7) 
The square root function (10.6) changes the values of Y^ at a de­
creasing rate. The semi-log or exponential function (10.7) forces a con­
stant percentage annual change in Y^. Even though trend equations were 
fitted for each of the exogenous variables, Judgements were made concerning 
the values of most of the exogenous variables for the projection period. 
The equity ratios and input price variables, except machinery prices, 
are set at their average 1965-67 levels. The real estate tax rates per 
$10,000 real estate value are also set at their 1965-67 averages. Real 
per capita disposable income is assumed to increase at one and three-quar-
ters percent per year. Using the autoregressive trend model with 1930-67 
data, the machinery price variable is projected to increase from an index 
of 128.3 (1947-49 - 100) in 1967 to 133.0 in 1980. 
For projecting resource needs into the future, we assume that the 
same general types of federal price support programs will be in existence 
in 1980. The prices of model crops are assumed to be at their 1965-67 
averages. Government payments to farmers for withdrawing land from pro­
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duction of feed grains, wheat and cotton are assumed to increase in the 
same proportion as the yields increase for the respective crops. 
Projected Variable Levels for Other Crops 
Given the production requirements and the values for the exogenous 
variables, the model projects resource demands for each of the six model 
commodities to 1980. Since we are also interested in aggregate resource 
requirements for the entire agricultural sector, estimates must be made 
on the resource needs for the crops not included in the model. These esti­
mates are based on the naive trend models discussed in the last section. 
The projected 1980 levels of resource-use for the other crop variables are 
presented in Table 30. 
Modifications in the Model 
A number of the estimated relations in the basic model contain trend 
variables as explanatory variables. Problems often arise when endogenous 
variables are projected many years into the future based, in part, on 
extentions of trends. For example, the estimated labor equations predict 
labor requirements reasonably well between 1932 and 1967 in the simulator 
model, but extending the trend variables and using the equations to project 
to 1980 results in negative labor requirements for each of the model crops 
except tobacco. Conversely, extending the 1961 time trend variable to 
1980 causes the fertilizer and miscellaneous expense estimates to explode. 
Consequently, adjustments are made in the trend variables in a number of 
equations to keep the projections within reasonable bounds. The influence 
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Table 30. Assumed variable levels for crops not included in the model 
in 1980 
Variable Actual Projected 
name 1967 1980 Source of projection 
Acreage 
(mil. ac.) 
Ending year stock 
(mil. 1947-49 dollars) 
Machinery purchases 
(mil. 1947-49 dollars) 
Machinery stock 
(mil. 1947-49 dollars) 
Value of land 
(mil. 1947-49 dollars) 
Fertilizer 




(mil. 1947-49 dollars) 
Real estate expense 
(mil. 1947-49 dollars) 
Fuel, oil and repairs 
(mil. 1947-49 dollars) 
Miscellaneous 
(mil. 1947-49 dollars) 
Real estate taxes 
(mil. 1947-49 dollars) 
Gross income 














Based on 3 percent de­
cline in acreaged used 
for other crops 
Autoregressive trend 
model with 1930-67 data 
Autoregressive trend 
model with 1930-67 data 
Simple linear time trend 
with 1949-67 data 
Autoregressive trend 
model with 1930-67 data 
Simple linear time trend 
with 1949-67 data 
Exponential function 
with 1949-67 data 
Autoregressive trend 
model with 1930-67 data 
Autoregressive trend 
model with 1930-67 data 
Autoregressive trend 
model with 1930-67 data 
Autoregressive trend 
model with 1930-67 data 
Siople linear time 
trend with 1950-67 data 
Autoregressive trend 
model with 1930-67 data 
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of the 1961 trend variable on fertilizer and miscellaneous demand quan­
tities is assumed to level off after the third year in the projection 
model. The time trend variables and their coefficients for the feed grain 
and wheat machinery equations and the cotton and tobacco fuel, oil and 
repairs equations are absorbed into the constant term at the 1967 level. 
Rather than modifying the labor structural equations in the original 
model, an alternative procedure is used to project 1980 labor requirements 
for the model commodities with the exception of tobacco. (The estimated 
tobacco labor equation in the basic model is used to project man-hour re­
quirements for tobacco to 1980.) A set of side calculations was made to 
project 1980 labor requirements per acre for the model crops and labor 
requirements per livestock production unit for livestock. The form of the 
equations used to make these projections was 
log « log a^ + b^log T 
where is hours of labor per acre (or livestock production unit) for the 
i-th commodity and j-th year and T is time. The projected 1980 labor re­
quirements per acre and per livestock production unit based on this equa­
tion form with 1948-67 data are given in Table 31. 
Total man-hour requirements for each model crop (except tobacco) are 
calculated in the model as the product of projected man-hours required 
per acre and acreage. Similarly, total man-hour requirements for livestock 
are projected in the model for each year as the product of projected man-
hours required per livestock production unit for that year and the number 
of livestock production units on farms that year. 
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Table 31. Man-hours required per acre and per livestock production unit, 
actual 1967 and projected for 1980 
Actual Projected 
Commodity 1967 1980 
Livestock 11.90 7.30 
(man-hours per LPU) 
Feed grains 4.98 3.30 
(man-hours per acre) 
Wheat 2.39 1.93 
(man-hours per acre) 
Soybeans 4.71 3.80 
(man-hours per acre) 
Cotton 25.74 20.00 
(man-hours per acre) 
It was necessary to subjectively adjust a limited number of structural 
coefficient estimates to maintain consistency in the model projections 
among the various commodities, and within the commodities for different 
demand levels. The equations in which adjustments were made on structural 
coefficient estimates and the coefficient modifications are reported in 
Table 32. 
Resource Projections 
Projected 1980 levels of key resource categories for the model com­
modities and the United States are presented in Table 33. Again, it should 
be stressed that the projections are conditioned on: i) the validity of 
the judgements and assumptions concerning production needs in 1980, 2) the 
accuracy of the values assigned to variables not determined within the 
model, and 3) the "structural correctness" of the original simulation 
Table 32. Modifications made in structural coefficients of the basic simulation model to project 








































14.8037 13.1154 Average of coefficient estimates from 
ALS and 2SLS estimation techniques 
.004056 .005073 Average of coefficient estimates from 
2SLS and LS estimation techniques 
2.2897 2.4193 Coefficient estimate from ALS 
estimation technique 
.2403 .2453 Coefficient estimate from ATS-2 
estimation technique 
1.0048 .9457 Coefficient estimate from ALS 
estimation technique 
.1523 .1280 Based on a 26 percent decrease in 
the original coefficient 
.1240 .1015 Coefficient estimate from LS 
estimation technique 
1.6374 1.9643 Based on a 20 percent increase In 
the original coefficient 
.0498 .0485 Coefficient estimate from 2SLS 
estimation technique 
.0350 .0407 Coefficient estimate from ALS 
estimation technique 
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Table 33, Input usage actual 1967 and projected to 1980 for model 
commodities and United States under alternative commodity 
demand levels^ 
Projected to 1980 
Commodity and Actual Alternative demand levels 
input category 1967 Leve^ 1 Level 2 Level 3 
Feed grains 
Acreage 




Real estate expense 
Fuel, oil, repairs 
Miscellaneous 
Real estate taxes 
Wheat 
Acreage 




Real estate expense 
Fuel, oil, repairs 
Miscellaneous 
Real estate taxes 
Soybeans 
Acreage 




Real estate expense 
Fuel, oil, repairs 
Miscellaneous 
Real estate taxes 
Cotton 
Acreage 






























































Units of measure for all variables are in millions of 1947-49 dollars 
except acreage variables which are in millions of acres and labor variables 
which are in millions of man-hours. 
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Table 33. (Continued) 
Projected to 1980 
Commodity and Actual Alternative demand levels 
input category 1967 Level 1 Level 2 Level 3 
Cotton 
Labor 242.0 
Machinery expense 68.8 
Real estate expense 169.1 
Fuel, oil, repairs 95.5 
Miscellaneous 199.7 
Real estate taxes 19.5 
Tobacco 
Acreage .961 
Fertilizer and lime 52.4 
Labor 480.0 
Machinery expense 14.8 
Real estate expense 165.1 
Fuel; oil, repairs 52.3 
Miscellaneous 89.1 
Real estate taxes 14.4 
Livestock 
Labor 2,722.0 
Machinery expense 331.6 
Real estate expense 3,120.7 
Fuel, oil, repairs 520.0 
Miscellaneous 1,541.3 
Real estate taxes 625.8 
United States 
Acreage 343.0 
Fertilizer and lime 3,280.9 
Seed 696.0 
Labor 7,408.0 
Machinery expense 2,407.7 
Real estate expense 6,421.5 
Fuel, oil, repairs 2,919.1 
Miscellaneous 3,809.5 
Real estate taxes 1,229.2 
Interest on crops 
and livestock 1,855.5 
222.0 212.0 230.0 
80.6 80.2 81.1 
190.7 183.1 198.9 
111.6 111.1 112.2 
235.2 226.6 244.4 
23.3 22.3 24.4 
.825 .841 .8: 
51.4 52.0 51.9 
403.5 411.0 409.6 
12.6 12.6 12.6 
158.1 161.1 160,5 
45.6 45.9 45.8 
77.2 78.5 78.2 
12.5 12.8 12.7 
1,896.0 1,896.0 1,896.0 
379.4 379.4 379.4 
3,746.7 3,746.7 3,746.7 
580.1 580.1 580.1 
1,860.6 1,860.6 1,860.6 
762.8 762.8 762.8 
313.2 337.0 356.4 
4,808.1 4,871.1 4,943.4 
629.5 700.6 758.3 
4,808.0 4,875.9 4,949.4 
2,735.5 2,785.8 2,863.5 
7,016.1 7,179.9 7,285.8 
3,291.6 3,331.5 3,398.5 
4,639.3 4,707.1 4,796.5 
1,359.5 1,408.3 1,393.3 
2,071.1 2,111.6 2,155.7 
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model and the variable and coefficient modifications that have been made. 
Resource projections with 1967 trend level exports (Level 1) 
Assuming constant exports at the 1967 level, fewer acres of feed 
grains, wheat, soybeans and tobacco will be needed to satisfy 1980 domestic 
and export needs. Yields for these crops are projected to increase faster 
than domestic requirements resulting in projected acreage declines of 10 
percent for feed grains and soybeans, 21 percent for wheat and 14 percent 
for tobacco. Cotton acreage increases compared with 1967. 
The level of United States fertilizer and lime demand in 1980 is 
projected to be about 50 percent above the 1967 level. The use of ferti­
lizer and lime in feed grain production increases 74 percent. Sizable 
increases in the level of fertilizer and lime demand are also projected 
for wheat and cotton. The projected level of fertilizer and lime demand 
for tobacco is slightly below the 1967 level but the 1980 quantity of 
fertilizer and lime will be applied to 14 percent fewer acres. 
The level of many of the other capital inputs is projected to decline 
for the crops in which fewer acres will be needed to satisfy 1980 demand 
assuming constant export levels. However, in general, the use of capital 
items per acre increases. The miscellaneous expense category, which 
includes pesticides, veterinary expenses and interest on operating capital, 
shows the largest increase or the least decline of the capital inputs, 
excluding fertilizer. Nationally, miscellaneous expense in 1980 is pro­
jected to increase 22 percent above its 1967 level, assuming increased 
domestic demand and constant exports. Much of this increase is due to the 
20 percent projected increase in livestock miscellaneous expense. 
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Total man-hours of labor required for United States agriculture in 
1980 are projected to decline 35 percent between 1967 and 1980. Assuming 
the same ratio of man-hour requirements to the labor force in 1980 as in 
1967, the "required" labor force is estimated at 3,4 million persons 
compared with 4.9 million in 1967. Man-hour requirements for feed grains 
and wheat decline the most for the individual commodities at 40 and 36 per­
cent respectively. 
Resource projections with 1930-67 trend level exports (Level 2) 
With 1930-67 trend level exports and increased domestic demands in 
1980, feed grain production requires 96.4 million acres, wheat requires 
59.5 million acres, soybeans use 47.0 million acres, cotton 10.6 million 
acres and tobacco production requires 841 thousand acres. 
The projected level of total fertilizer usage in 1980 increases by 
63 million 1947-49 dollars over 1980 fertilizer needs with constant ex­
ports, United States machinery expense increases by $50 million and fuel, 
oil and repairs expense is $41 million above the comparable 1980 projec­
tions with 1967 export levels. 
Man-hours of labor required in agriculture assuming 1930-67 trend. 
level exports are projected at 4,876 million or 68 million man-hours more 
than under Demand Level 1, But the total man-hour requirements projected 
under Demand Level 2 are 34 percent below 1967 requirements. 
Resource projections with 1950-67 trend level exports (Level 3) 
With 1950-67 trend level exports and increased domestic demands in 
1980, feed grain acreage is projected at 100,8 million acres, or 3 percent 
336 
below actual acreage in 1967. Tobacco acreage in 1980 also remains below 
the 1967 acreage level at 838 thousand harvested acres compared with 961 
thousand acres in 1967, Wheat acreage is projected at 65.5 million acres 
while the soybean acreage estimate is 55 million. 
Fertilizer and lime usage for feed grains is projected to increase 
77 percent above the 1967 level of feed grain fertilizer demand. Projected 
fertilizer demands for the other crops show increases over 1967 levels of 
21 percent for wheat, 52 percent for soybeans and 34 percent for cotton. 
Tobacco fertilizer demand is slightly lower than the 1967 level at $51.9 
million (constant 1947-49 dollars) compared with $52.4 million in 1967. 
United States total fertilizer and lime expense is projected at $4,943 
million, or a 51 percent increase from 1967. 
The projections for the other capital input items under Demand Level 
3 are somewhat greater than the input projections under the first two 
export levels. However, some of the commodity input category projections, 
assuming 1950-67 level exports and increased domestic demands, are below 
the comparable 1967 levels. For example, machinery expense projections 
for feed grains and wheat are slightly below the comparable 1967 levels. 
Farm consolidation and the more efficient use of farm machinery will result 
in a leveling off of machinery interest and depreciation expenses. The 
development and adoption of new technology in the decade ahead will permit 
agriculture to expand production without corresponding increases in total 
inputs. The implied increased productivity of inputs used in 1980 can be 
easily seen in the projected input levels for tobacco. Even though tobac­
co production requirements increase over 30 million pounds between 1967 and 
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1980, the projected levels of all tobacco input categories are below 1967 
levels. 
With higher domestic demands and the highest export assumptions for 
1980, total man-hour requirements are projected at 4,949 man-hours compared 
with 7,408 man-hours in 1967, a 34 percent decline. Again assuming the 
1967 ratio of man-hours required to the total farm labor force, the implied 
labor force in 1980 is 3.5 million people. 
Projected Capital Stocks in Agriculture 
Moderate increases in the value of capital stocks used in agri­
culture are expected during the next decade. Total capital asset values 
in constant 1947-49 dollars are projected to increase 10 percent under 
Demand Level 1 and 18 percent with the maximum export assumption (Table 34), 
Table 34. Capital requirements in 1980 under alternative 1980 commodity 
demand levels. United States 
Capital 
category 
Projected to 1980 
Actual 
1967 
Alternative demand levels 
Level 1 Level 2 Level 3 
(million 1947-49 dollars) 
Value of land 
and buildings 120,963 133,376 138,748 144,162 
Stock of machinery 15,018 16,113 16,269 16,414 
Stocks of crop and 
livestock 28,697 32,059 32,719 33,438 
Total capital stock 164,678 181,548 187,726 194,014 
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The value of land and buildings, which accounts for 74 percent of the 
total value of capital assets, is projected at $133.4 billion with constant 
exports, or 10 percent higher than the 1967 value of $121 billion. With 
1950-67 trend level exports, the 1980 value of land and buildings is pro­
jected to increase 19 percent over 1967. The 1980 stock of farm machinery 
(measured in constant dollars) is projected to be 7 to 9 percent larger 
than in 1967. 
Even though a small increase in capital requirements is projected for 
agriculture as a whole, capital investment per farm is expected to increase 
substantially during the rest of the decade. To obtain estimates of aver­
age capital requirements per farm we need an estimate of the number of 
farms in 1980. Based on 1949-67 data, the number of farms is projected to 
1980 with an exponential function of the form 
F = ae^^ + c^ 
where F is farm numbers, T is time and D is a dummy variable for change in 
the definition of a farm between the Agricultural Census of 1954 and 1959. 
Based on this equation form, the number of farms in 1980 is projected at 
2.017 million compared with 3.123 million in 1967. 
Capital requirements per farm in 1980 were calculated for each demand 
level (Table 35). Assuming 1950-67 trend level exports and increased 
domestic demands (Level 3), average capital invested in land and buildings, 
machinery and equipment and commodity stocks per farm is projected to 
increase 83 percent between 1967 and 1980. While total machinery stock in 
1980 is projected to increase only 10 percent above 1967 assuming the 
highest demand level, machinery stock per farm is estimated to increase 
70 percent in the next decade. 
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Table 35, Capital requirements per farm in 1980 under alternative 1980 




Value of land 
and buildings 38,450 
Stock of machinery 4,774 
Stocks of crop and 
livestock 9,122 
Total capital stock 52,346 
Projected to 1980 
Alternative demand levels 
Level 1 Level 2 Level 3 
-49 dollars) 
66,028 68,682 71,367 
7,977 8,054 8,126 
15,871 16,198 16,553 
89,876 92,934 96,045 
Projected Incomes in 1980 
Farm gross income projections for 1980, based on real 1965-67 commod­
ity prices, are 15 to 20 percent above 1967 (Table 36). The lower percent 
age corresponds to the constant export assumption while the higher percent­
age assumes 1950-67 trend level exports as well as increased domestic 
demands. With a projected decline of one-third in the number of farms, 
gross income per farm is up 80 to 86 percent (based on 1947-49 constant 
dollars) from 1967. 
Total net farm income in constant 1947-49 dollars is calculated as 
the difference between farm gross income and adjusted total production 
expenses, both in 1947-49 dollars. As in the simulation analysis, produc 
tion expenses are adjusted to make them comparable to the production 
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expense series (deflated by the implicit GNP deflator, 1947-49 « 100) 
published by the Economic Research Service of the United States Department 
of Agriculture in the Farm Income Situation (FIS). This adjustment is 
necessary, among other reasons, since the input data used in this study 
includes opportunity costs or Interest charges on investment in machinery, 
commodity inventories, and land and buildings, rather than interest on 
mortgage debt which is included in the FIS series. Also, differences in 
total production expense estimates result from the use of different price 
deflators to convert input costs from current dollars to constant 1947-49 
dollars. The factor needed to reconcile model total expenditures with 
FIS total expenditures in 1967 is applied to the total production expense 
data generated by the model in 1980. The resulting total production 
expense projections, crudely derived as they may be, indicate an increase 
of 5.5 billion constant 1947-49 dollars over 1967, assuming Demand Level 1 
for 1980. Under Demand Level 3, production expenses are up $6.2 billion 
compared with 1967. Total net farm income estimates for 1980 derived from 
the gross farm income and total production expense projections show rela­
tively little change from the 1967 actual net farm income level of $9.9 
billion. Net income per farm, however, increases by as much as 58 percent 
(under Demand Level 3). 
Assuming a total farm labor force in 1980 of about 3.5 million people, 
net Income per person increases by over 37 percent for each of the demand 
levels. But real per capita income in terms of 1947-49 dollars remains 
below $3,000. 
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Table 36. Incomes in agriculture and incomes per person, actual 1967 and 
projected to 1980 
Projected to 1980 
Actual Alternative demand levels 
Category 1967 Level 1 Level 2 Level 3 
Total gross farm income 32,823.0 37,860.1 38,620.6 39,268.1 
(million 1947-49 dollars) 
Adjusted total production expenses 22,954.3 28,506.5 28,873.8 29,247.1 
(million 1947-49 dollars) 
Total net farm income 9,868.7 9,353.6 9,746.8 10,021.7 
(million 1947-49 dollars) 
Gross income per farm 10,433.0 18,743.0 19,119.0 19,440.0 
(1947-49 dollars) 
Net income per farm 3,137.0 4,631.0 4,825.0 4,961.0 
(1947-49 dollars) 
Net income per farm worker 2,013.0 2,753.0 2,804.0 2,839.0 
(1947-49 dollars) 
Summary 
The general pattern of resource adjustment experienced in agriculture 
in the last decades is expected to continue through 1980. The changes in 
relative prices and productivities of inputs, which in the past have en­
couraged the replacement of labor and, to some extent, land with nonfarm 
inputs much as machinery and equipment, fertilizer, pesticides and other 
capital resources in agricultural production, will continue in the coming 
years. These upcoming resource adjustments will bring further declines 
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in farm numbers and the farm labor force. Capital per farm and per worker 
is projected to increase sharply. Little change in total net farm income 
is projected for 1980 but with fewer farmers, net income per farm worker 
increases by about 40 percent. 
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CHAPTER XI, SUMMARY AND CONCLUSIONS 
An econometric simulation model is developed in this study which 
causally links resource use, production, price, utilization and income 
for major agricultural commodities. Based on this quantitative model, the 
implications of changes in selected variables on resource use, output, and 
income are investigated for individual commodities and United States agri­
culture as a whole. Finally, a modified version of the model is used to 
project resource requirements to 1980 under alternative 1980 production 
needs. 
Procedure 
The simulation model constructed in this study has submodels, or 
blocks of equations for livestock, feed grains, wheat, soybeans, cotton 
and tobacco. The equations in each commodity submodel sequentially depict 
the commodity's production cycle from acreage planted, to level of resource 
use, to production, to price, to commodity disposition and finally to 
gross income. The lag between resource commitments and realization of 
output in agriculture permits this sequential or recursive structure. To 
form the complete simulation model, the blocks of commodity equations are 
brought together in such a way as to preserve the recursive structure of 
the model. Equations are included at the end of the simulation model to 
"build up" variable estimates for the entire agricultural economy. 
To facilitate the presentation of the econometric relations, the 
equations in each submodel are categorized into three sections. The first 
section of each submodel, or pre-input section, contains equations to 
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estimate acreage and the stock of capital assets used in that commodity's 
production along with equations to estimate machinery purchases and land 
price. The equation specifications and coefficient estimates for the 
pre-input sections are presented in Chapter V. 
The second category of relations in each submodel, called the input 
section, uses information generated in the corresponding commodity's pre-
input section along with other data to estimate commodity input demand 
levels. The input categories included in this section correspond closely 
to those used by the Farm Production Economics Division, United States 
Department of Agriculture, for calculating aggregate input costs. Current 
or monoperiod factors of production included in the input sections are 
fertilizer and lime, seed, labor and machinery operating expenses. Other 
equations estimate the flow of services from and the opportunity costs of 
polyperiod or durable resources. Machinery expense (interest and deprecia­
tion), real estate expense, interest on commodity stocks and real estate 
taxes fall into this latter group of inputs. Chapter VI contains the 
equation specifications and coefficient estimates for the input sections 
of the commodity submodels. 
The final category of equations in each commodity submodel is called 
the output section. Included in the output section of the crop submodels 
are production functions, a supply identity, a price equation, utilization 
and ending crop year inventory equations and a gross income equation. The 
livestock output section includes equations to estimate the number of 
livestock production units fed, livestock marketings, the price of live­
stock and gross receipts from the sale of livestock. Factor share data 
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are used to construct estimates of input production elasticities for 
Cobb-Douglas type production functions for the crops. The methodology 
used; and the coefficient estimates for the production functions are given 
in Chapter VII. The remaining equations in the output sections of the 
commodity submodels are specified and estimated in Chapter VIII. 
Each structural equation was estimated using annual data from 1930 to 
1967, A variety of estimation techniques was applied. The estimation 
procedures used and the assumptions associated with each procedure are 
explained in Chapter IV, The results of the simulation runs and the 1980 
projections of resource requirements and incomes are reported in Chapters 
IX and X respectively. 
Results and Implications 
The results of 17 simulations are reported in this study. Conditions 
simulated include: 1) the removal of government price and income support 
programs, 2) increases in input prices, 3) restrictions on production 
elasticities, 4} variations in commodity support prices, and 5) limitations 
on acreages. 
Not unexpectedly, farm prices and incomes decline substantially in the 
absence of government farm programs. For example, over the 36 year obser­
vation period feed grain prices average 46 percent below feed grain prices 
in the validation run. Total net income in agriculture declines by nearly 
one-third. Lower prices and incomes dampen the level of capital inputs 
used in agricultural production. Total fertilizer demand under the free 
market assumption is down 6 percent during the 1932-67 period compared with 
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the validation run. Smaller proportional declines are noted for the other 
capital input categories. The depressing effect of lower commodity prices 
on acreage is more than offset by acreage Increases resulting from the 
removal of acreage allotments and diversions. Hence, removing the influ­
ence of government price and income support programs and associated acreage 
restrictions resulted in fewer capital inputs being applied to more acres. 
Simulation results indicate that more, rather than less labor would 
have been engaged in agricultural production without government programs. 
The implication is that without government price and income support pro­
grams farmers would have had less incentive and financial resources to 
purchase labor-saving capital inputs during the 1932-67 period. The re­
sults of the free market simulation in this study and similar findings by 
Tyner and Tweeten (136) suggest that acreage diversion and price support 
programs of the Federal Government have accelerated the substitution of 
capital for labor in agricultural production. 
Simulation Models 3 through 6 investigate the effects of increased 
input prices and altered levels of input production elasticities on agri­
culture resource demand, production and incomes. The level of agricultural 
production is a function of quantity and productivity of inputs used in 
agriculture. Surpluses and low returns in agriculture have occurred 
because the productivity of resources used in agriculture has increased 
and the quantity of these resources used is large compared to the demand 
for farm products. Improvements in farm prices, incomes and resource 
returns could be achieved by reducing the resources committed to agricul­
ture and (or) slowing technological advance. One way to dampen the use of 
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resources in agriculture would be to raise their prices. In Simulation 3, 
the real input prices used in the model were increased by 10 percent. In 
Simulation 4, the downward trends in the real prices of capital inputs 
between 1932 and 1967 are ignored and all input prices are set at their 
1932-39 averages. With higher input prices, input demands decline result­
ing in lower production levels, higher prices and incomes. For example, 
with a 10 percent increase in real input prices, average feed grain produc­
tion estimates over the 1932-67 period decline from 115.4 million tons in 
the validation run to 111.4 million tons. The average price of feed grains 
over the 36 year period increases $3.20 per ton while the estimate of the 
gross receipts from the sale of feed grains increases by $23 million. 
Total gross farm income increases about 1 percent during the 1932-67 
period. 
With input prices fixed at their 1932-39 levels resource use and 
production declines are substantial, especially in the latter part of the 
36 year observation period. During the 1959-67 period, fertilizer used for 
feed grains and wheat declines by one-half while national fertilizer usage 
is down by one-third during the 1959-67 period compared with the validation 
run. Expense estimates for other operating inputs such as fuel, oil and 
repairs expense and miscellaneous expense are also down. The resulting 
lower production estimates increase commodity prices and incomes. With 
production expenses and gross income both measured in 1947-49 dollars, the 
average annual net farm income estimate for the 1959-67 period increases 
from $9.8 billion to $12.7 billion. 
Simulation Models 5 and 6 assume that the estimated crop production 
functions for the 1932-39 period remain in use through 1967. In addition, 
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input prices are held at their 1932-39 averages in Simulaticn 6. Under 
these extreme conditions, production estimates decline sharply. The re­
sulting higher prices push total net farm income up by one-fifth during 
the 1959-67 period wrtien historical input prices are used, and by one-third 
when real input prices are held at their relatively high 1932-39 levels. 
Obviously, agricultural policies which increase input prices and (or) 
slow technological advance would be effective in increasing farm prices 
and incomes. 
The sensitivity of the levels of resource use, commodity prices and 
incomes to changes in the crop price support levels is investigated in 
Simulations 7 through 16. Support prices for each of the model crops are 
increased by 10 percent in Simulation 7 and decreased by 10 percent in 
Simulation 8. In Simulations 9 through 16, price support levels are 
changed for only one or two crops in any particular simulation run. Simu­
lation results indicate that a given percentage increase in crop price 
support levels raises average market prices by a smaller percentage. For 
example, increasing price supports for all model crops by 10 percent over 
the 1932-67 period results in the following average percentage market price 
increases* 3.6 for feed grains, 2.5 for wheat, 2.1 for soybeans, 9.2 for 
cotton and 2.1 for tobacco. Annual farm gross income increases an average 
of 1.3 percent during the 36 year period compared with the base simulation. 
Production expenses increase by .4 percent and net farm income is 2.7 per­
cent higher than the comparable 1932-67 averages in the validation run. 
Simulation results suggest that the intended price and income benefits 
of raising price support levels are partially dissipated without added 
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acreage or other supply controls. In response to higher support prices, 
farmers increase production. This increased production exerts downward 
pressure on market prices which partially offsets the higher support rates. 
Restrictions are imposed on feed grain and wheat acreages in Simu­
lation 17, Annual acreages used in feed grain and wheat production are 
fixed at 100 and 50 million acres respectively for the entire 1932-67 
period. With these restrictions on acreage, feed grain production during 
the 1932-39 period declines by one-fourth. Feed grain prices increase by 
50 percent in the 1932-39 period and average 30 percent higher for the 
entire 36 year period. Wheat prices increase 24 percent the first analysis 
period and average 14 percent higher over the 1932-67 period. Feed grain 
and wheat labor requirements decline by 26 and 19 percent respectively 
during the 1932-67 period compared to the base simulation. Declines are 
also noted for other input categories except for the machinery related 
inputs. With higher prices and incomes, machinery purchases for use in 
feed grain and wheat production remain nearly unchanged from the validation 
run even though acreage and production levels and the use of other re­
sources decline substantially. 
Perhaps, the most striking result from the simulation analysis is that 
government policies which increase farm prices and incomes do not "hold" 
labor in farming but rather encourage the substitution of highly productive 
capital inputs for labor in agriculture. The implication is that the rate 
at which needed resource adjustments occur in agriculture is influenced 
to an important extent by the ability of individual farmers to finance the 
use of capital injiHJts and the prospect of being able to do so in the 
350 
future. Apparently, agricultural policies which increase incomes and 
stabilize prices facilitate the increased use of highly productive capital 
inputs and as a result diminish labor requirements. Conversely, actions 
which lower farm incomes tighten capital constraints and aggravate mal­
adjustments in resource use. 
A modified version of the simulation model is used to project agri­
cultural resource usage to 1980 under alternative assumed levels of com­
modity demand. The results suggest that the trend toward a very capital 
intensive agriculture will continue in the years ahead. Total labor re­
quirements in agriculture are projected to decline by over 34 percent from 
the 1967 requirements. Projected levels of individual capital input cate­
gories vary somewhat for each commodity depending on the assumed 1980 
production needs. But it is clear that capital inputs will make up a 
larger share of each commodity's total input mix. Capital stocks measured 
in 1947-49 dollars are expected to increase between 10 and 18 percent, 
again depending on the output required to meet domestic and export demands. 
With farm numbers projected to decline to 2.0 million by 1980, the use of 
capital inputs and the value of capital stocks on individual farms will 
increase substantially. Assuming 1950-67 export trends continue to 1980, 
the constant dollar value of capital stocks on the average farm is project­
ed to increase 84 percent. 
Limitations 
Published input data for the individual commodities were generally 
unavailable. The estimation procedures used to allocate specific expense 
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for all of agriculture to specific expense for individual commodities are 
are outlined in Appendix A. Input-output studies, discussions with 
officials of the Farm Production Division of the United States Department 
of Agriculture, cost and return studies and other sources were utilized 
to construct and check the various commodity input series. It is unknown 
how seriously inaccuracies in commodity input data affected the simulation 
results, but the fact that less than perfect data were used, should be 
kept in mind when reading and interpreting the results of this study. 
The economic model developed in this study is only one of many model 
formulations that could be used to portray the resource and output struc­
ture of United States agriculture. Other model formulations may better 
predict the actual time path of the endogenous variables. For example, 
the inclusion of weather variables in acreage equations may have improved 
the acreage estimates generated from the model. Also, a revised model 
should include more variables to link together the commodity submodels. 
The sensitivity of the livestock sector to changes in feed grain production 
and price is probably underestimated in the model used in this study. 
Additional use of feed grain production and price variables (lagged one 
year perhaps) in the livestock equations might add realism to the model. 
However, in other cases the magnitude of influence that a related commodity 
variable has on a variable of a particular commodity may need to be moder­
ated. For example, the feed grain acreage estimate is slightly more 
sensitive to a given percentage decline in the price of wheat than to the 
same percentage increase in the price of feed grains. 
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The level of aggregation in this model is not as great as the national 
models of Tyner and Tweeten (136) and Lin (81) but is still substantial. 
The farmer responsiveness to economic stimuli is not homogeneous within 
commodity groups but differs from one farm size to another and from one 
geographical location to another. Also, the commodity groupings themselves 
contain heterogeneous outputs. 
Concluding Remarks 
Ideally, a policy simulation model of the agricultural industry should 
serve as an econometric map of the agricultural economy within the frame­
work of the total national economy. The interactions of the commodity and 
resource markets within the agricultural sector should be represented, as 
should the lines of influence between the agricultural sector and the 
national economy. The structural relations should incorporate government 
policy variables in sufficient detail that a broad range of economic 
policies can be simulated. The model should be capable of analyzing not 
only the effects of an agricultural policy change on the area of its 
immediate application but also the effects on related agricultural commod­
ities, the entire agricultural sector and the economy as a v^ole. The 
relatively unsophisticated model presented in this study is viewed as an 
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APPENDIX A. SOURCES AND DERIVATION OF CERTAIN DATA SERIES 
Published time series were not available for many of the variables 
used in the simulation model. The procedures used to derive estimated 
series for the unpublished variables are briefly discussed in this appen­
dix. The sources used in the calculation of these variable series are 
listed as well as the sources for all other variables used in the study. 
Acreage 
Estimates of planted and harvested acreage were compiled for each of 
the crops from Agricultural Statistics (153; 154: 156; 157), The harvested 
acreage estimates for some crops were adjusted upward to include acreages 
abondoned due to drowning, drought and other natural disasters. This ad­
justment was calculated for corn by first summing acreages harvested as 
silage, forage or by hogging down (186). The remainder of the difference 
between planted and harvested corn acreage was then added to the acreage 
harvested for grain to obtain an estimate of corn planted and intended for 
harvest as grain. This procedure assumes that none of the acreage Intended 
for use as silage, forage, etc. was abandoned. The ratio of the adjusted 
corn acreage estimate to the reported harvested acreage for corn was calcu­
lated for all years and applied to harvested acreage figures for grain 
sorghum and soybeans. Two-thirds of the difference between planted and 
harvested acreages for wheat was assumed used for hay, silage, etc. The 
remaining acreages were assumed to be abandoned and added to the reported 
harvested acreage estimates. The ratios of these adjusted wheat acreages 
to reported harvested acreages were used to adjust reported harvested 
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acreages for oats and barley. Planted acreages for cotton and tobacco 
were used. 
Sources* Agricultural Statistics (153; 154: 156*, 157) 
U.S.D.A, Feed Statistics through 1966 (186) 
U.S.O.A. Food Statistics through 1967 (189) 
End of Year Stocks on Farms 
Estimates of the current and constant dollar value of stocks on farms 
at the end of the calendar year for each commodity were constructed from 
published quantity estimates (153; 155; 157; 186) and unpublished data on 
current value of inventories (31). December prices were used as necessary 
in the calculation of current value of ending year stocks. The 1947-49 
average December prices were used to construct constant dollar estimates of 
ending year inventories. 
Sources» Agricultural Statistics (153; 155; 157) 
U.S.D.A. Feed Statistics through 1966 (186) 
U.S.D.A. Feed Situation (183; 184; 185) 
U.S.D.A. U.S. Fats and Oils Statistics, 1909-65 (197) 
U.S.D.A. Fats and Oils Situation (181: 182) 
U.S.D.A, Food Grain Statistics through 1967 (189) 
U.S.D.A. Wheat Situation (l99) 
U,S,D,A, Statistics on Cotton and Related Data, 1930-67 (193; 
194) 
U.S.D.A. Cotton and Cottonseed (142) 
U.S.D.A. Tobacco Situation (195; 196) 
Durost, Donald D. Aggregate Input Data of U.S. Agriculture (31) 
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Machinery Stocks 
Machinery inventory estimates in current dollars for the United States 
were available from the Farm Income Situation (179). Estimates of United 
States machinery inventory in constant 1947-49 dollars were taken from 
unpublished worksheets of the U.S.D.A. (31). Data from Masucci's input-
output study (89) were used to distribute the 1955 total machinery stock 
(in current dollars) to the model commodities. These 1955 estimates for 
each crop were then converted to a per acre basis and multiplied times 1955 
based indexes of machinery stock per acre for the respective crop for all 
years (47; 48; 176). The product of the resulting machinery stock per acre 
series and acres planted and intended for harvest series for each crop gave 
total machinery inventory for that crop in current dollars. The implicit 
price index computed from the U.S. current and constant dollar machinery 
inventory data was then used to deflate current dollar machinery inventory 
data for each crop. Livestock machinery inventories were developed on the 
basis of Masucci's 1955 estimates and changes in livestock's share of gross 
farm receipts. Livestock machinery inventory data in current prices were 
deflated by the same implicit deflator used for the crop data. 
Sources* U.S.D.A, Farm Income Situation (179) 
Durost, Donald D. Aggregate Input Data of U.S. Agriculture (31) 
Masucci, Robert H, Dollar Volume of Agriculture's Transactions 
with Industry, and Supplemental Working Materials (89) 
U.S.D.A. Farm Costs and Returns, Commercial Farms by Type, Size 
and Location (176) 
Goodsell, Wylie D. and Jenkins, Isabel. Costs and Returns on 
Commercial Farms (47; 48) 
375 
Value of Land and Buildings 
Commodity production index series from the U.S.D.A, were converted 
from their published bases to a 1947-49 = 100 base and multiplied times the 
1947-49 average value of the respective commodity's production (32) to form 
constant dollar production series for each commodity for all years. Each 
commodity's proportion of total U.S. farm production was multiplied times 
the U.S. total value of farm land and buildings (165) deflated by the 
implicit GNP deflator with 1947-49 = 100 to estimate constant dollar value 
of land and buildings for each commodity and year. The same procedure was 
used to allocate the current (i.e., undeflated) U.S. value of farmland and 
buildings to commodity categories. 
Sources; U.S.D.A, Changes in Farm Production and Efficiency (167; 168; 
171) 
Durost, Donald 0. Index Numbers of Agricultural Production by 
Regions, 1939-58 (32) 
U.S.D.A. Agricultural Finance Review (165) 
Council of Economic Advisors. Economic Report of the President, 
1968 (18) 
Stock of Physical Assets 
The stock of physical asset series for each commodity were constructed 
as the sum of constant dollar value of land and buildings and the average 
of beginning and ending calendar year commodity and machinery stocks (in 
constant dollars) for the respective commodities. 
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Fertilizer and Lime 
Annual U.S. expenditures for fertilizer and lime in current dollars 
are published by the U.S.D.A. (179). These current expenditures were de­
flated by the index of the price of fertilizer with 1947-49 = 100 (202; 
204) to obtain fertilizer and lime expense in constant 1947-49 dollars. 
Estimates of total tonnages of nitrogen (N), phosphoric acid (PgO^), 
and potash (K^O) sold in the United States were compiled from U.S.D.A. 
publications (206; 173). Estimates of the amount of N, P2®5 ^nd K2O 
applied to selected crops are available for certain years. Surveys taken 
in 1927 and 1938 by the National Fertilizer Association (35) provide data 
on fertilizer use by crop categories for those years. The proportion of 
each of the three primary nutrients used on specific crops Is published by 
the U.S.D.A. (75) for the years 1947, 1954, 1959 and 1964 based on census 
and survey data. Nutrient application rates per harvested acre for each 
crop were calculated for these six years and linear Interpolations of the 
per acre estimates were made for the intervening years. For the years 
1965, 1966 and 1967 estimates of per acre usage of primary nutrients were 
constructed for corn, wheat, soybeans and cotton from fertilizer applica­
tion data reported In Crop Production (207; 208; 209). Per acre estimates 
for the remaining crops for 1965, 1966 and 1967 were based on extrapola­
tions of the 1959 and 1964 data on N, PgO^ and K^O applications per acre 
for the respective crops. 
These operations resulted In estimates of pounds per acre of N, P2O5 
and KgO applied to each of the model crops and "other" crops for the years 
1927 through 1967. Annual tonnages of the individual nutrients used by 
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each crop were obtained by multiplying the per acre estimates by the 
respective crop's acreage (153; 157) (and dividing by 2,000), The tonnages 
of each nutrient were summed across crops and compared with the published 
consumption of the nutrient for each year. The annual application rates 
for all crops were then uniformly adjusted so the sum of crop application 
rates times crop acres for all crops equaled the published figure for each 
year. 
The nutrient usage estimates were aggregated with prices. Nutrient 
price estimates were developed by creating 1964 based indexes of the prices 
of sulphate ammonia, superphosphate and murate of potash (216; 203; 204; 
205) and multiplying these indexes by the respective 1964 estimates of 
elemental nutrient prices estimated by Ibach (74). The estimated tonnages 
of each of the nutrients were multiplied by the appropriate price series 
and summed. This sum was compared with published current dollar expendi­
ture data on fertilizer (179). The prices of each of the nutrients were 
then uniformly adjusted so the sum of products of nutrient tonnages and 
nutrient prices equaled the published expense estimates for each year. The 
1947-49 averages of each of the adjusted price series were used to aggre­
gate the nutrient tonnage estimates for each crop and for the United 
States. 
The distribution of non-nitrogen fertilizer (in tons) used by crops 
for each year was used to distribute total lime input (179) to the indi­
vidual crops. The fertilizer and lime variables used in the model were 
formed by summing the calculated annual fertilizer and lime inputs measured 
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in 1947-49 dollars for each of the crops and for the United States. 
Sources; U.S.O.A. Farm Income Situation (179) 
U.S.O.A. Agricultural Prices (202; 2C3; 204: 205) 
U.S.D.A. Prices Paid by Farmers (216) 
U.S.O.A. Consumption of Commercial Fertilizers and Primary 
Nutrients in the United States (206) 
U.S.D.A, Changes in Farm Production and Efficiency (173) 
Engle, Robert H. et al. American Fertilizer Practices (35) 
Ibach, D. B. and Adams, J, R. Fertilizer Use in the United 
States by Crops and Areas, 1964 Estimates (75) 
Auer, Ludwig. Impact of Crop-Yield on Technology on U.S. Crop 
Production (3) 
U.S.D.A. Crop Production (207; 208; 209) 
U.S.O.A. Agricultural Statistics (153; 157) 
Ibach, D. B. Fertilizer Use in the United States (74) 
Seed 
The quantities of each commodity used for seed were available from 
U.S.D.A. publications (153: 186; 185; 189; 200; 197; 181; 142; 193; 194). 
To exclude seed used in activities in which no grain is harvested, i.e., 
cover crops, hay, or silage, the U.S.D.A. figures were multiplied times 
the ratio of acres planted and intended for harvest as grain to total 
planted acres (153; 154; 156; 157). 
The seed series for each crop were separated into homegrown seed and 
off-farm purchased seed based on published and unpublished U.S.O.A. data 
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(153; 156? 157? 199; 31), For each crop, annual seed expenditures in 
current dollars were calculated as the sum of; l) the price paid for seed 
(217; 204) times the quantity of seed purchased and 2) the average price 
received by farmers (153; 157? 204; 179: 185; 189? 197? 193; 194; 198; 186; 
18: 218) times the quantity of seed that was homegrown or purchased from 
other farmers. The 1947-49 average of prices paid for seed and 1947-49 
average of prices received were used to calculate seed expense in 1947-49 
dollars. 
Tobacco seed was included in the tobacco miscellaneous series since 
the seed input accounts for such a small proportion of total tobacco 
inputs. 
Data on current dollar expenditures on the U.S. seed input, which is 
composed only of seed purchased from off-farm sources, were taken from the 
Farm Income Situation (179) and deflated by the index of prices paid for 
seed (217; 177). 
Sources: U.S.D.A. Agricultural Statistics (153; 156; 157) 
U.S.D.A. Prices Paid for Seed (217) 
U.S.D.A. Agricultural Prices (204) 
U.S.D.A, Farm Income Situation (179) 
U.S.D.A. Feed Statistics through 1966 (186) 
U.S.D.A. Feed Situation (185) 
U.S.D.A. Food Statistics through 1967 (189) 
U.S.D.A. Wheat Situation (l98t 199; 200) 
U.S.D.A. U.S. Fats and Oils Statistics, 1909-65 (197) 
U.S.D.A. Fats and Oils Situation (181) 
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U.S.O.A. Cotton and Cottonseed (142) 
U.S.D.A. Statistics on Cotton and Related Data, 1930-67 (193; 
194) 
Council of Economic Advisors. Economic Report of the President, 
1968 (18) 
U.S.D.A, Sorghums by States, 1929-58 (218) 
Durost, Donald D. Aggregate Input of U.S. Agriculture (31) 
U.S.D.A. Farm Cost Situation (177) 
Labor 
Published time series on labor man-hour requirements for livestock, 
feed grains, cotton, tobacco and for all United States agriculture (170? 
172) were used directly. Estimates of man-hour requirements per acre for 
soybeans and wheat were developed from U.S.D.A. sources (83; 150: 152; 153) 
and were multiplied times harvested acres of the respective crops (153; 
157) to estimate total man-hour requirements for these two crops. 
Annual labor expense estimates in current dollars were derived for 
each commodity for use in the factor share calculations by multiplying 
the labor requirement estimates by the current year wage rate for the 
respective commodity. 
The wage rate variable for each commodity was created by weighting the 
composite wage rate estimates for the ten U.S.D.A. Farm Production Regions 
(210; 160; 161; 143; 144; 211; 212; 213; 214: 215; 162) by the regional 
distribution of total man-hour requirements for each commodity (150: 152; 
153; 170; 172; 83). 
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Sources: U.S.D.A. Agricultural Statistics (150; 152; 153) 
U.S.û.A. Changes in Farm Production and Efficiency (170* 172) 
U.S.D.A. Farm Employment, Family and Hired Workers (210) 
U.S.D.A. Farm Labor (160; 161; 143; 144; 211; 212: 213; 214; 215) 
U.S.D.A. Revised Farm Wage Rate Series, 1910-48 (162) 
McElroy, Robert C. et al. Labor Used to Produce Field Crops (83) 
Real Estate Expense 
Real estate expense is composed of interest on land and buildings and 
depreciation, repairs and accident damage on service buildings and other 
structures. Data for the national real estate expense variable were 
compiled first. The interest on real estate component was calculated as 
the product of the farm mortgage interest rates series (164; 165) and the 
value of real estate series (165). Estimates of total depreciation on 
service buildings were available in Farm Income Situation (179). Data for 
aggregate repairs and accident damage expense were developed from U.S.D.A. 
publications (179; 31). The sum of these three real estate expense com­
ponents yielded the United States farm real estate variable estimates in 
current dollars. Similarly, the aggregate real estate variable measured 
in constant 1947-49 dollars was formed by summing constant dollar estimates 
for the three components of real estate expense. The constant dollar 
interest expense series was computed as the product of the 1947-49 average 
mortgage interest rate and the value of real estate deflated by the implic­
it GNP deflator with 1947-49 = 100 (18). The depreciation expense series 
was deflated by the implicit GNP deflator, and the repairs and accident 
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expense series was deflated by the index of building prices with 1947-49 = 
100 (202: 204). 
Data from Masucci's input-output study (89) were used to distribute 
aggregate depreciation expense in 1955 among the model commodities. The 
ratio of the 1955 depreciation expense (in current dollars) to the 1955 
value of land and buildings (in current dollars) was formed for each com­
modity. These 1955 commodity "depreciation rates" for buildings and other 
structures were multiplied times the 1955 based index of the ratio of 
aggregate farm depreciation expense series (179) and the aggregate value of 
farmland and buildings series (165). The resulting "depreciation rate" 
estimates for each commodity were multiplied times the respective commod­
ity's value of land and buildings series. Finally, each of the commodity 
real estate depreciation series was deflated by the implicit GNP deflator 
with 1947-49 = 100 (18). 
The repairs and accident damage series for each commodity was derived 
analogously. That is, each of the series is based on data reported in 
Masucci's input-output study (89) and the relation between aggregate 
repairs and accident damage to the aggregate value of land and buildings. 
The index of the price of buildings with 1947-49 = 100 (202; 204) was the 
deflator for the building repairs and accident damage series. 
The farm mortgage interest rate series (164; 165) was multiplied times 
each commodity's current value of land and buildings series to provide 
estimates of current dollar interest expense on real estate. The constant 
dollar real estate interest expense series for each commodity was formed as 
the product of the 1947-49 average mortgage interest rate and the respec-
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tive commodity's constant value of land and buildings. The sum of the 
current dollar estimates of depreciation expense, repairs and accident 
damage expense and interest expense for each commodity makes up the respec­
tive commodity's total real estate expense variable in current dollars. 
Likewise, the constant dollar real estate series for each commodity is the 
sum of the constant dollar estimates of these same items for the respective 
commodity. 
Sources: U.S.D.A. Farm Income Situation (179) 
Durost, Donald D, Aggregate Input Data of U.S. Agriculture (31) 
Masucci, Robert H. Dollar Volume of Agriculture's Transactions 
with Industry, and Supplemental Working Materials (89) 
U.S.D.A. Agricultural Finance Review (164*. 165) 
U.S.D.A. Agricultural Prices (202; 204) 




The machinery expense series include only depreciation and Interest 
charges on machinery stocks. Annual machinery depreciation estimates for 
aggregate agriculture were available in current dollars from Farm Income 
Situation (179) and in constant 1947-49 dollars from unpublished U.S.D.A. 
worksheets (31). Data from Masucci's (89) input-output study were used to 
allocate 1955 total machinery depreciation expense in current dollars to 
the model commodities. Next, for each commodity, the ratio of 1955 machin­
ery depreciation expense to the 1955 value of machinery stock was formed. 
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Each of these 1955 commodity "machinery depreciation rates" was multiplied 
times a 1955 based Index of the ratio of the aggregate machinery deprecia­
tion expense series to the aggregate value of machinery series. Finally, 
the resulting time series of commodity depreciation rates were multiplied 
by the respective commodity's value of machinery series. These current 
dollar machinery depreciation series were deflated by the implicit price 
index between the aggregate machinery depreciation expense measured in 
current dollars and measured in constant 1947-49 dollars (31). 
The interest on machinery inventory series for each commodity (in 
current dollars) was computed as the product of the short term interest 
rate series (31) and the respective commodity's value of machinery series 
(in current dollars). Similarly, the constant dollar interest on machinery 
inventory series for each of the commodities was calculated as the product 
of the 1947-49 average of short term interest rates and the commodity's 
machinery stock series measured in 1947-49 dollars. 
Machinery purchases 
The annual distribution of machinery depreciation by commodities was 
used to allocate aggregate current dollar machinery purchases (179) to the 
commodity categories. The motor vehicle component of the machinery pur­
chases series was deflated by the index of motor vehicle prices with 
1947-49 = 100 (202; 204). The "other" machinery part of machinery pur­
chases series was deflated by the index of machinery prices with 1947-49 ® 
ICQ (202; 204). 
385 
Fuel, oil and repairs 
The commodity fuel, oil and repairs series were derived analogously to 
the commodity machinery depreciation series. That is, they were based on 
the 1955 commodity distribution of aggregate machinery fuel, oil and 
repairs expense as developed by Masucci and the relation between the aggre­
gate fuel, oil and repairs expense (179) and the aggregate value of machin­
ery (179). The index of motor supplies with 1947-49 = 100 (202; 204) was 
used to deflate the current dollar fuel, oil and repairs series to constant 
dollar series. 
Sources* U.S.Û.A. Farm Income Situation (179) 
Durost, Donald D. Aggregate Input Data of U.S. Agriculture (31) 
Masucci, Robert H. Dollar Volume of Agriculture's Transactions 
with Industry and Supplemental Working Materials (89) 
U.S.D.A. Agricultural Prices (202; 204) 
Miscellaneous Expense 
Data on aggregate miscellaneous expense in current dollars were 
available from Farm Income Situation (179). The national miscellaneous 
expense category includes* pesticides, electricity and telephone (business 
share), interest on nonreal estate debt, ginning, livestock marketing 
charges, containers, milk hauling, irrigation, grazing, binding materials, 
tolls for sirup, horses and mules, harness and saddlery, blacksmithing and 
hardware, veterinary services and medicines, net insurance premiums (crop, 
fire, wind and hail) and miscellaneous dairy, nursery, greenhouse, apiary 
and other supplies. 
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Data from Masuccl's input-output study (89) were used to allocate 1955 
total miscellaneous expense (in current dollars) to the commodity catego­
ries. The ratio of 1955 commodity miscellaneous expense to the 1955 level 
of commodity output measured in 1947-49 dollars (167; 168? 171? 32) was 
formed for all commodities. This 1955 ratio for each commodity was ad­
justed for the remaining years by the 1955 based index of the ratios of the 
aggregate miscellaneous expense series to the aggregate agricultural output 
series. The resulting series of proportions for each commodity was multi­
plied times the respective commodity's output series to obtain that commod­
ity's miscellaneous expense series. The index of farm supplies (202; 2C4) 
was used as the deflator in the construction of the constant dollar miscel­
laneous expense series. 
Sources* U.S.D.A. Farm Income Situation (179) 
U.S.O.A. Changes in Farm Production and Efficiency (167; 168* 
171) 
Ourost; Donald D. Index Numbers of Agricultural Production by 
Regions, 1939-58 (32) 
U.S.D.A. Agricultural Prices (202: 204) 
Interest on Commodity Inventories 
The product of the short term interest rate series (31) and the com­
modity's current value of farm inventory series provided the estimated 
interest on inventory variables in current dollars for each commodity. The 
average of the 1947-49 short term interest rate was used to calculate the 
constant dollar interest on inventory series. 
Source* Durost, Donald D. Aggregate Input Data of U.S. Agriculture (31) 
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Tax on Real Estate 
Annual estimates of aggregate farm real estate taxes were published 
by the U.S.D.A. (120; 165) in current dollar values. The series was de­
flated by the implicit GNP deflator (18), To estimate real estate tax 
expense for each commodity, data on the average value of real estate per 
acre by the ten U.S.O.A, Farm Production Regions were obtained from 
U.S.D.A, publications (120; 180). Next, series on regional tax rates per 
$100 valuation were developed from regional real estate value per acre 
series and published regional tax per acre series (120; 165). The commod­
ity real estate tax rates per $100 valuation were calculated as weighted 
averages of the regional tax rates. Acreages were used as weights. The 
resulting tax rate series for each commodity were multiplied times the 
corresponding commodity's value of land series (divided by 100.O) to obtain 
that commodity's real estate tax variable (in current dollars). The 
implicit GNP deflator with 1947-49 = 100 (18) was used to convert the real 
estate tax series from current to constant dollars. 
Sources; U.S.D.A. Agricultural Finance Review (165) 
Stinsen, Thomas F. et al. Revised Estimates of Taxes Levied on 
Farm Real Property (120) 
U.S.D.A. Farm Real Estate Market Developments (180) 
Council of Economic Advisors. Economic Report of the President, 
1968 (18) 
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Value of Production 
The value of commodity production series (in current dollars) was 
calculated as the product of each commodity's average season price series 
(153; 156; 157; 158; 186? 187; 218; 197; 182) and the respective commod­
ity's production series (153; 156; 157; 158; 186; 187; 218; 197: 182). The 
value of production series for corn, oats, barley and grain sorghum were 
calculated separately and then summed to form the feed grains value of 
production variable. 
Sources: U.S.D.A. Agricultural Statistics (153; 156; 157; 158) 
U.S.D.A. Feed Statistics through 1966 (186; 187) 
U.S.D.A. Sorghums by States, 1929-58 (218) 
U.S.D.A. U.S. Fats and Oils Statistics, 1909-65 (197) 
U.S.D.A. Fats and Oils Situation (182) 
Selected Livestock Variables 
Feed purchases 
Annual estimates of the current dollar value of feed purchases pub­
lished in Farm Income Situation (179) were deflated by the index of prices 
paid for feed with 1947-49 = 100 (153: 157; 203: 204; 205; 216). 
Livestock purchases 
Annual estimates of livestock purchases in current dollars (179) were 
deflated by the index of prices paid for livestock with 1947-49 = IOC 
(153; 157: 203; 204; 205; 216). 
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Livestock production units, index of livestock marketings and index of 
livestock prices 
Time series on these livestock variables were compiled from U.S.D.A. 
publications (186; 190; 191? 188; 174; 153; 155: 204). The index of live­
stock prices was deflated by the implicit GNP deflator (18). 
Sources* U.S.D.A. Farm Income Situation (179) 
U.S.D.A. Prices Paid by Farmers (216) 
U.S.D.A. Agricultural Prices (203; 204; 205) 
U.S.D.A, Agricultural Statistics (153: 155; 157) 
U.S.D.A. Feed Statistics through 1966 (186) 
U.S.D.A. Livestock-Feed Relationships, 1909-63 (1390; 191) 
U.S.D.A. Food Consumption, Prices and Expenditures (188) 
U.S.D.A. Demand and Price Situation (174) 
Council of Economic Advisors. Economic Report of the President, 
1968 (18) 
Sources for Certain Crop Variables 
The sources listed in this section, categorized by crops, were used to 
compile annual crop year data on the following variables: price, produc­
tion, commercial inventory, government inventory, imports, supply, commer­
cial demand and exports. The feed grain price variable was constructed as 
the weighted average of the price variables for corn, oats, barley and 
grain sorghum with quantities sold as weights. Each of the commodity price 




Sources: U.S.D.A, Feed Statistics through 1966 (186; 187) 
U.S.D.A. Feed Situation (185) 
Wheat 
Sources: U.S.D.A. Food Grain Statistics through 1967 (189) 
U.S.D.A, Wheat Situation (163? 199) 
U.S,D,A. An Economic Analysis of the Dynamics of the U,S. Wheat 
Sector (175) 
U.S.D.A. Agricultural Statistics (152; 154) 
Soybeans 
Sources: U,S.D,A, U.S. Fats and Gils Statistics, 1909-65 (197) 
U.S.D.A, Fats and Oils Situation (182) 
U.S,D.A, Agricultural Statistics (156) 
Cotton 
Sources: U.S.D.A. Cotton and Cottonseed (142) 
U.S.D.A. Statistics on Cotton and Related Data, 1930-67 (193; 
194) 
Tobacco 




The gross income variables include cash receipts and government pay­
ments. Each of the gross income variables was deflated by the Implicit GNP 
deflator (18). The deflated national net income variable also includes 
government payments. 
Sources» U.S.J.A. Farm Income Situation (179) 
U.S.D.A. Feed Statistics through 1966 (186; 187) 
U.S.D.A. Feed Situation (185) 
U.S.D.A. Food Grain Statistics through 1967 (189) 
U.S.D.A. Wheat Situation (163) 
U.S.D.A. U.S. Fats and Oils Statistics, 1909-65 (197) 
U.S.D.A. Fats and Oils Situation (182) 
U.S.D.A. Statistics on Cotton and Related Data, 1930-67 (l93; 
194) 
Council of Economic Advisors. Economic Report of the President, 
1968 (18) 
Exogenous Variables 
Real estate tax rates 
The sources and derivation of the real estate tax rate variables are 
explained in the real estate tax section of this appendix. 
Exogenous price variables 
The published time series data for the consumer price index, the index 
of motor supply prices, the index of machinery prices and the index of 
392 
broadwoven cloth prices (216; 202; 204: 177; 193; 192; 18) were converted 
from their reported bases to a 1947-49 base and deflated by the implicit 
GNP deflator (18). The indexes of seed prices were calculated as quantity 
weighted averages of purchased and nonpurchased seed prices as indicated 
in the seed section of this appendix. 
Sources: U.S.D.A. Prices Paid by Farmers (216) 
U.S.D.A. Agricultural Prices (202: 204) 
U.S.D.A. Farm Cost Situation (177) 
U.S.D.A. Statistics on Cotton and Related Data 1925-62 (192) 
U.S.D.A. Statistics on Cotton and Related Data, 1930-67 (193) 
Council of Economic Advisors. Economic Report of the President, 
1968 (18) 
Government variables 
Published data for the government payment and price support variables 
(186; 185; 178; 193; 194; 189; 199; 197; 182: 147; 149; 151; 152; 156; 157) 
were deflated by the implicit Gi^ deflator with 1947-49 = 100 (18). 
The diverted acreage and acreage allotment variables were developed 
from the same sources as the price support and government payment variables. 
Sources; U.S.D.A. Feed Statistics through 1967 (186) 
U.S.D.A. Feed Situation (185) 
U.S.D.A. Farm Income Situation (178) 
U.S.D.A. Statistics on Cotton and Related Data, 1930-67 (193; 
194) 
U.S.D.A. Food Grain Statistics through 1967 (189) 
U.S.D.A. Wheat Situation (199) 
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U.S.D.A. U.S. Fats and Oils Statistics, 19C9-65 (197) 
U.S.U.A. Fats and Oils Situation (182) 
U.S.D.A. Agricultural Statistics (147; 149; 151; 152; 156; 157) 
Council of Economic Advisors. Economic Report of the President, 
1968 (18) 
Per capita disposable income 
The published series on per capita disposable Income (188) was deflat­
ed by the implicit GNP deflator with 1947-49 = 100 (18). 
Sources; U.S.D.A. Food Consumption, Prices and Expenditures (188) 
Council of Economic Advisors. Economic Report of the President, 
1968 (18) 
Farm size indexes 
The farm size variables were constructed from acres per farm data 
reported in published typical farm studies (47; 48; 176). 
Sources* Goodsell, Wylie D. and Jenkins, Isabel. Costs and Returns on 
Commercial Farms (47; 48) 
U.S.D.A. Farm Costs and Returns, Commercial Farms by Type, Size 
and Location (176) 
Equity ratios 
The commodity equity ratio series are weighted averages of regional 
value of land series divided by regional series of mortgage debt. The ten 
U.S.D.A. Farm Production Regions were used and commodity acreages served 
as weights. 
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Sources» U.S.D.A, Agricultural Statistics (I46s 148» 153; 156; 158) 
U.S. Bureau of the Census. United States Census of Agriculture 
(137; 138; 139; 140; 141) 
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ACRES INTENDED FOR HARVEST FOR MODEL CROPS, OTHER CROPS AND CROPLAND 
ACRES FOR THE UNITED STATES, 1929-67 
FEED 






140.8 64.7 0.7 44.4 1.980 126.4 379.0 
145.4 64.3 1.1 43.3 2.124 125.8 382.0 
152.2 60. 6 1.2 39.1 1.988 128.9 384.0 
161.7 60.7 1.0 36.5 1.405 122.7 384.0 
152.8 56.0 1.1 40.2 1.739 126.2 378.0 
114.1 50.3 1.8 27.9 1.273 179.6 375.0 
147.9 57.4 3.1 28.1 1.439 139.1 377.0 
128.9 57.4 2.7 30.6 1.441 154.0 375.0 
139.0 69.7 2.7 34.1 1.753 131.7 379.0 
138. 8 72.5 3.1 25.0 1.601 131.0 372.0 
135.8 56.0 4.5 24.7 2.000 140.0 363.0 
136.6 56.1 4.9 24.9 1.410 143.9 368.0 
139.6 58.2 6.0 23.1 1.307 138.8 367.0 
143.1 50.8 10.1 23.3 1.377 141.3 370.0 
146.7 52.9 10.7 21.9 1.458 143.3 377.0 
149.9 61.9 10.4 20.2 1.750 134.8 379.0 
139.3 66.5 11.0 18.1 1.821 135.3 372.0 
140.9 68. 6 10.1 18.6 1.961 128.8 369.0 
131.3 75.8 11.7 21.8 1.852 130.5 373.0 
137.6 74.4 10.8 23.6 1.554 130.0 378.0 
134. 3 78.6 10.6 28.3 1.623 133.6 387.0 
137.0 64.8 14.0 18.9 1.599 140.7 377.0 
131.2 67.4 14.1 29.4 1.780 137.1 381.0 





















Gl^AINS WHEAT SOYBEANS COTTON TOBACCO 
(MILLION ACRES) 
127.0 71.5 15.1 26.9 1.633 137.9 380.0 
139.4 57.1 17.5 20.1 1.668 144.2 380.0 
140.9 50.9 19.0 18.0 1.495 147.7 378.0 
126.6 53.4 21.4 17.1 1.364 149.1 369.0 
135.7 45.8 21.3 14.3 1.122 139.8 358.0 
128.4 54.0 24.4 12.4 1.078 134.7 355.0 
132.5 53.4 22.9 15.8 1.153 132.2 358.0 
129.1 52.9 23.9 16.1 1.142 131.9 355.0 
106.9 52.9 27.2 16.6 1.174 135.2 340.0 
104.0 45.5 27.9 16.3 1.224 136.1 331.0 
107.5 68.1 28.8 14.8 1.176 136.6 337.0 
98.9 51.7 31.0 14.8 1.078 137.5 335.0 
98.1 52.2 34.8 14.2 0.977 135.7 336.0 
99.2 51.4 36.9 10.3 0.974 132.2 331.0 





























b? ,  end of  ca lendar  year  s tocks  on farms for  model  commodit ies ,  o ther  
and uni ted  s tates ,  1929-67  
l ive-  feed other  
s tock grains  wheat  soybeans  cot ton tobacco  crops  
(mi l l ion  1947-49  dol lars)  
10857.0  3098.5  489 .3  8 .8  380 .0  307 .8  2059.9  
11032.4  2786.3  561 .5  11 .9  354 .2  328 .7  1841.7  
11487.9  3344.9  726 .8  15 .3  722 .1  366 .4  1902.7  
12c92.1  3981.  8  623 .0  13 .0  582 .2  2:65 .7  2032.3  
12394.5  2920.7  418 .2  11 .9  631 .7  330 .7  1823.5  
10934.7  1722.8  331 .7  18 .8  276 .0  213 .4  1541.3  
10986.8  3271.4  369 .4  38 .4  249 .4  195 .1  2104.2  
10845.2  1859.4  291 .0  27 .3  220 .6  183 .7  1700.8  
10727.3  3541.4  469 .  5  36 .7  466 .6  258 .7  2038.1  
11087,8  3846.9  618 .9  46 .7  229 .6  191 .9  2050.0  
11621.1  3851.5  517 .6  110 .8  122 .8  249 .5  1862.1  
11949.0  3985.1  631 .8  134 .0  210 .9  192 .0  2161.9  
12807.0  4264.4  839 .0  129 .7  159 .5  154 .8  2113.5  
14002.2  4774.7  1093.9  258 .9  192 .0  166 .5  2233.0  
14867.1  4  043 .8  862 .  8  164 .9  133 .0  200 .2  2175.9  
13780.0  4476.4  868 .0  124 .4  259 .8  293 .1  1988.6  
13421.6  4136.2  814 .6  128 .0  389 .8  252 .9  2120.4  
12879,2  4484.2  825 .9  111 .2  282 .2  335 .1  2014.8  
12312.0  3300.7  965 .4  151 .8  353 .1  226 .0  1993.6  
12263.3  5187.5  874 .3  220 .0  371 .0  180 .0  1863.1  
12525.1  4688*8 718 .3  181 .7  319 .3  185 .3  1968.5  
13106.4  4589.7  758 .8  298 .2  195 .1  152 .6  2089.1  
13814.6  4132.3  757 .9  306 .7  454 .6  165 .5  2053.1  
14077.8  4382.5  913 .1  245 .9  426 .2  204 .1  1964.4  
TABLE B2. CONTINUED 
l ive— feed other  uni ted  
yeap s tock grains  wheat  soybeans  cot ton tobacco  crops  s tates  
1953 13974.  6  4397.  7  
1954 14283.  7  4608.  1  
1955 14475.  1  4880.  1  
1956 14083.  4  4777.  7  
1957 13897.  8  5564.  4  
1958 14217.  8  5925.  8  
1959 14572.  9  6200.  8  
1960 14601.  4  6479.  0  
1961 14940.  4  6140.  7  
1962 15442.  0  6161.  5  
1963 15766.  5  6561.  6  
1964 15650.  1  5623.  0  
1965 15505.  2  6389.  5  
1966 17652.  6  6042.  9  
1967 16681.  7  6426.  9  
(mi l l ion  1947-49  dol lars)  
959 .2  239 .3  384 .  7  
724 .7  435 .  1  2  54 .  2  
720 .4  342 .1  319 .  7  
664 .  6  489 .6  216 .  9  
664 .7  557 .7  360 .  9  
1031.0  592 .9  210 .  7  
739 .1  576 .8  206 .  4  
952 .1  504 .1  243 .  9  
810 .7  755 .9  346 .  9  
714 .5  662 .7  433 .  1  
700 .0  763 .9  316 .  6  
879 .4  559 .5  662 .  5  
914 .7  834 .0  474 .  8  
921 .9  1010.2  125 .  3  
1135.7  1026.2  124 .  7  
169 .  1  2095.  6  22220.  1  
160 .  6  2144.  4  22610.  7  
107 .  3  2318.  4  23163.  2  
110 .  6  2264.  3  22607.  2  
75 .  7  2360.  6  23481.  8  
88 .  9  2534.  7  24601.  8  
152 .  1  2123.  7  24571.  8  
147 .  5  2127.  5  25055.  4  
85 .  7  2229.  0  25309.  4  
138 .  6  2411.  8  25964.  1  
132 .  0  2435.  2  26675.  7  
276 .  1  1822.  9  25473.  5  
115 .  5  2355.  8  26589.  6  
139 .  4  3839.  6  29731.  9  
95 .  1  2171.  5  27661.  8  





grains  wheat  soybeans  cot ton tobacco  
other  
crops  
uni ted  



























50 ,4  
27 .4  
26 .5  
60 .3  
69 .9  
105 .6  
98 .2  
70 .b  
68 .9  
99 .6  
145 .4  
136 .3  
96 .6  
153.  1  
151 .3  
121.0 
207.9  
238 .2  
252 .6  
260 .1  
258 .8  
215 .9  
515 .3  
425 .3  
277 .0  
152 .3  
141 .9  
254 .3  
395 .9  
490 .5  
5 4 6 . 9  
371.6  
439 .6  
486 .2  
705 .9  
670 .3  
442 ,2  
777 .5  
721 .  5  
613 .6  





953 .9  
(mi l l ion  1947-49  dol lars)  
110 .7  
88 .0  
51.6  
26 .7  
24 .3  
52 .4  




84 .9  
93 .3  
137 .7  
111 .4  
74 .6  
150 .2  
161.2  
139.5  
2  57 .4  
313 .8  
327 .5  
278 .7  
285 .5  
263 .1  
2 .3  118 .5  5 .7  325 .4  1180.7  
2 .8  86 .6  4 .  6  258 .7  951 .2  
1 .9  46 .1  2 .5  156 .7  586 .2  
0 .9  22 .9  1 .0  77 .3  308 .5  
0 .9  26 .3  1 .2  56 .5  277 .6  
3 .5  43 .8  2 .2  182 .2  598 .7  
7 .2  56 .6  3 .1  210 .5  815 .1  
8 .9  81 .1  4 .1  292.8  1085.2  
9 .3  90 .8  5 .1  328 .6  1207.2  
7 .3  46 .8  3 .2  233 .4  823 .9  
12 .8  52 .6  4 .6  256„5 939 .9  
15 .5  58 .6  3 .9  302 .8  1059.9  
26 .7  83 .5  5 .2  417 .4  1521.8  
41 .5  79 .5  5 .1  386 .1  1430.2  
28 .3  49 .4  3 .5  251 .9  946 .5  
47 .5  92 .8  8 .8  422 .4  1652.3  
50 ,0  89 ,8  9 .5  430 .5  1613.8  
38 .7  79 .4  9 .2  345.7  1347.4  
75 .0  182 .7  18 .5  569 .3  2263.8  
85 .6  213 .1  14 .2  728 .0  2833.1  
83 .4  208 .6  12 .4  749 .2  2829.8  
113 .2  138 .5  12 .0  733 .4  2795.0  
112 .3  179 .7  11 .5  709 .3  2744.9  
98 .7  145 .0  10 .2  662 .8  2349.6  
TABLE B3. CONTINUED 
l ive-  feed 
year  s tock grains  wheat  soybeans  
(mi l l ion  1947 
1953 237 .5  1054.3  277 .9  110 .0  
1954 207 .3  991 .9  190 .1  109 .9  
1955 205 .6  933 .2  164 .8  113 .4  
1956 174 .0  723 .2  160 .5  109 .7  
1957 171 .2  769 .6  133 .4  106 .6  
1958 195 .8  879 .6  188 .9  148 .8  
1959 196 .8  861 .1  181 .0  132 .0  
1960 160 .1  710 .0  150 .3  115 .8  
1961 178 .9  673 .8  170 .1  153 .6  
1962 181 .7  677 .3  151 .9  162 .5  
1963 208 .7  803 .0  186 .9  192 .8  
1964 214 .8  721 .5  196 .4  202 .9  
1965 228 .0  807 .6  210 .7  253 .0  
1966 256 .1  880 .5  219 .1  288 .4  
1967 252 .1  840 .4  242 .4  290 .3  
other  uni ted  
cot ton tobacco  crops  s tates  
dol lars)  
151 .0  10 .4  
105 .2  8 .9  
97 .0  8 .7  
80 .4  7 .2  
68 .7  5 .8  
71 .1  6 .7  
84 .5  7 .0  
72 .7  6 .1  
77 .0  6 .8  
79 .8  7 .1  
83 .5  8 .2  
83 .0  7 .7  
83 .3  7 .3  
67 .3  7 .8  
55 .1  7 .3  
706.  3  2547.4  
558 .  5  2171.8  
656 .  8  2179.5  
579 .  9  1834.9  
548 .  9  1804.2  
673 .  1  2164.0  
646 .  2  2108.6  
561 .  6  1776.6  
657 .  2  1917.4  
686 .  8  1947.1  
764 .  7  2247.8  
824 .  0  2250.2  
912 .  1  2502.0  
1000.  9  2720.1  
1028.  1  2715.7  
table  84 .  ending year  s tocks  of  machinery  for  
uni ted  s tates ,  1929-67  
l ive-  feed 
year  s tock grains  wheat  soybeans  
(mi l l ion  1947-
1929 585 .5  2011.4  508 .0  14 .6  
1930 554 .7  2098.1  477 .5  15 .4  
1931 531 .7  2031.7  435 .3  12 .3  
1932 498 .8  1841.4  385 .1  12 .5  
1933 464 .5  1348.0  339 .1  19 .9  
1934 392 .8  1531.3  339 .5  30 .2  
1935 464 .2  1484.6  377 .9  29 .3  
1936 431 .3  1653.7  473 .7  30 .5  
1937 498 .9  1801.8  537 .4  38 .6  
1938 542 .0  1844.8  435 .0  58 .3  
1939 552 .5  1856.1  434 .9  64 .0  
1940 584 .9  1954.2  465 .5  80 .1  
1941 662 .8  2243.9  455 .5  150 .6  
1942 711 .3  2241.4  461 .7  155 .6  
1942 590 .8  2065.3  487 .1  136 .8  
1944 600 .7  1972.4  538 .0  148 .0  
1945 603 .1  2105.7  585 .7  143 .9  
1946 649 .7  2050.2  676 .2  174 .8  
1947 720 .1  2580.6  797 .3  192 .9  
1948 929 .0  3027.  8  1012.1  228 .6  
1949 1143.0  3808.2  1029.3  371 .0  
1950 1286.9  4065.4  1193.1  416 .3  
1951 1346.3  4093.3  1378.5  459 .0  
1952 1391.9  4253.1  1368.8  480 .9  
model  commodit ies ,  o ther  crops  and 
other  uni ted  
cot ton tobacco  crops  s tates  
dol lars)  
503 .2  84 .2  
429 .4  74 .5  
375 .5  49 .4  
419 .7  61 .9  
285 .1  44 .5  
269.  0  47 .1  
301 .7  48 .5  
337 .6  59 .3  
278 .  8  60 .9  
271 .4  75 .1  
275 .  1  57 .5  
284 .4  55 .7  
327 .1  66 .0  
307.  6  69 .6  
302 .9  90 .8  
301 .9  101 .1  
335 .0  122 .1  
483 .2  154 .5  
545 .2  114 .9  
649 .1  122 .0  
514 .9  140 .5  
755 .9  152 .6  
764 .8  169 .7  
748 .9  163 .1  
940 .8  4647.7  
938 .0  4587.6  
816 .0  4251.9  
503 .  0  3722.4  
777 .4  3278.5  
648 .0  3257.9  
687 .7  3393.9  
785 .2  3771.3  
911 .4  4127.8  
848 .2  4074.8  
940 .9  4181.0  
928 .1  4352.9  
1040.6  4946.5  
1010.0  4957.2  
860 .9  4534.6  
895 .6  4557.7  
881 .7  4777.2  
843 .0  5031.6  
1139.7  6090.7  
1432.2  7400.8  
1727.3  8734.2  
1836.3  9706.5  
2205.7  10417.3  
2210.8  10617.5  





grains  wheat  soybeans  cot ton tobacco  
(mi l l ion  1947-49  dol lars)  
other  
crops  
uni ted  
s tates  
1953 1469.5  4840.  5  1132.8  580 .  8  631 .  0  168 .2  2127.4  10950.2  1954 1447.1  4520.  4  974 .5  594 .9  577 .  6  163 .8  2629.8  10908.1  1955 1449.9  4146.  8  1123.6  681 .2  567.  0  159 .4  2742.7  10870.6  1956 1408.5  4357.  9  922 .6  654 .3  478 .  3  126 .9  2607.5  10556.0  
1957 1307.8  4044.  7  1060.7  741 .2  401 .  7  119 .1  2605.3  10280.5  
1958 1355.0  4081.  2  1047.5  677 .9  492 .  1  129 .0  2543.1  10325.8  1959 1395.3  4260.  7  1101.2  752 .6  536 .  0  141 .0  2827.9  11014.7  1960 1420.8  3683.  2  1135.0  909 .7  517.  5  143 .8  3018.6  10828.6  1961 1395.4  3568.  9  980 .8  930 .8  518 .  4  146 .2  3083.6  10636.1  1962 1382.5  3661.  4  1040.7  952 .4  467 .  8  144 .9  2939.2  10588.9  
1963 1471.3  3401.  1  1130.3  1036.1  480 .  8  140 .2  3300.1  10959.9  
1964 1511.2  3684.  0  1173.4  1250.3  467 .  4  128 .8  3576.8  11791.9  1965 1635.5  3870.  8  1175.8  1373.5  363 .  7  133 .1  3801.8  12354.2  
1966 1742.0  3996.  2  1407.1  1495.8  321 .  9  134 .2  5754.9  14852.0  1967 1822.0  3798.  7  1305.2  1515.4  396 .  3  125 .4  6220.1  15183.0  
table  85 .  pr ice  of  land indexes  for  model  crops  and uni ted  s tates ,  1929-67  

























102 .6  
91.0  
94 .1  
96 .9  
70 .7  
70 .0  




82 .9  
79 .5  
76 .4  
74 .3  
69 .0  
79 .3  
92 .1  
99 .4  
84 .6  
109 .9  
104 .6  
100 .7  
102 .3  
119 .5  
100.8 
113.9  
120 .3  
94 .0  
66 . 1  
81.4  
77 .9  
83 .6  
80 .9  
81 .8  
81 .8  
84 .6  
85 .3  
87 .8  
75 .1  
91 .4  
99 .6  
100 .2  
110 .7  
102 .4  
87 .4  
94 .5  
92 .6  
114 .6  
(1947-49=100)  
95 .4  
84 .9  
88.2 
91.1  
66 .7  
66 .  3  
77 .7  
64 .7  
82 .7  
82 .5  
80 .2  
77.0  
74 .5  
72 .7  
67 .8  
78 .  1  
91 .0  
98 .7  
84 .2  
109 .9  
105 .0  
101 .4  
103 .4  
121.2 
74.3  
74 .8  
77 .8  
75 .0  
6 1 . 2  
74.2  
73 .7  
85 .4  
98 .1  
86 .7  
83 .3  
82 .7  
69 .4  
72 .1  
70 .4  
92 .2  
84 .0  
78 .9  
95 .2  
105 .9  
98 .6  
89 .8  
91 .2  
99 .8  
81 .9  
85 .8  
80 .9  
71 .4  
71 .9  
87 .7  
84 .7  
82 .3  
76 .0  
75 .8  
78 .4  
8 1 . 1  
70.0  
64 .5  
62.1 
80.9  
88 .3  
95 .3  
95 .5  
102 .0  
102 .3  
104 .0  
111 .9  
113 .7  





90 .1  
90 .9  
93 .4  
92 .0  
92 .9  
91 .4  
88 .7  
83 .2  
79 .6  
81.1  
90.5  
97 .1  
98 .1  
98 .2  
98 .6  
103 .0  
99 .5  
107 .3  
115 .3  
TABLE 65, CONTINUED 
feed 

































cotton tobacco  
uni ted  







































































B6, VALUE OF LAND AND BUILDINGS FOR MODEL COMMODITIES, OTHER CROPS AND UNITED 
STATES, 1929-67 
L^VE- FEED OTHER UNITED 
STOCK GRAINS WHEAT SOYBEANS COTTON TOBACCO CROPS STATES 
(MILLION 1947-49 DOLLARS) 
33107. 9 13294. 9 4434.4 61.3 6807. 1 1808.2 14207. 8 73721.6 34880. 3 12161. 1 4981.8 83.8 6671. 2 2031.0 14706. 7 75515.6 33656. 2 13165. 0 4963.5 92.3 6263. 5 1792.8 15975. 9 75909.3 32979. 4 14409. 4 3884.3 83.6 5640. 1 1118.6 13808. 8 71924.4 29947. 4 9931. 9 2517.6 64.9 5059. 2 1392.5 12037. 2 60950.9 30832. 0 7351. 0 2786.4 105.0 4255. 4 1244.7 12765. 9 59340.4 26844. 2 11111. 5 3044.0 212.4 4256. 7 1358.8 13896. 0 60723.7 31294. 9 8024. 6 3266.4 154.1 5382. 6 1321.8 12950. 8 62395.4 25807. 7 11005. 8 3837.2 198.5 6875. 1 1485.1 12327. 7 61537.0 27613. 8 10938. 1 4033.9 230.1 4469. 6 1352.3 13664. 1 62301.9 
28493. 0 10364. 8 3122.0 322.7 4235. 3 1748.0 13072. 4 61358.3 
27481. 5 10002. 4 3234.9 341.2 4231. 5 1275.2 13018. 0 59584.5 
26600. 7 9801. 9 3377.6 399.0 3301. 1 1021.4 12175. 4 56677.4 
25779. 8 9792. 2 3042.3 655.1 3462. 7 992.0 11368. 3 55092.5 
28636. 3 9310. 2 2699.7 646.9 3170. 3 1007.2 11490. 8 56961.4 
30769. 0 10916. 7 3849.7 726.5 3836. 3 1577.4 12728. 9 64404.7 
33921. 8 11786. 4 4511.4 891.7 3128. 1 1792.5 14158. 8 70190.6 
32949. 1 12882. 3 4679.7 890.7 3029. 3 2085.3 14658. 4 71174.6 33792. 9 10197. 1 5709.2 883.2 4269. 7 1970.6 14546. 4 71369.1 
31200. 8 13900. 1 5188.4 1059.1 5141. 3 1767.5 13710. 5 71967.4 34676. 1 12918. 0 4671.8 998.1 5739. 9 1849.9 14478. 0 75331.5 
35017. 2 12679. 4 4165.8 1268.7 3487. 3 1853.4 14501. 1 72972.7 
38243. 8 12339. 0 4246.4 1302.7 5509. 8 2221.0 14799. 6 78662.5 
40043. 5 13718. 8 5738.1 1591.8 5769. 1 2245.3 15395. 4 84501.8 
TABLE B6. CONTINUED 
LIVE- FEED 
YEAR STOCK GRAINS WHEAT SOYBEANS 
(MILLION 1947 
1953 40869. 1 13488. 9 5213.5 1583. 7 
1954 40590. 9 13699. 8 4346.4 1713. 2 
1955 40855. 5 14188. 9 3962.9 1912. 1 
1956 41647. 4 14295. 7 4337.8 2390. 0 
1957 43091. 9 16517. 4 4312.7 2533. 5 
1958 42057. 0 17153. 7 6306.8 3214. 2 
1959 45813. 9 18668. 3 5053.0 2978. 5 
1960 45520. 2 19447. 5 6172.6 3213. 8 
1961 47125. 8 17431. 9 5527.0 3818. 7 
1962 48783. 0 18058. 4 5103.6 3948. 8 
1963 49955. 0 19431. 9 5230.8 4113. 5 
1964 53524. 6 17832. 3 5883.0 43 86. 5 
1965 53035. 7 21203. 3 6114.3 5408. 7 
1966 57181. 6 22058. 6 6577.2 6154. 8 
1967 57912. 6 24538. 2 7334.8 6480. 8 
OTHER UNITED 
COTTON TOBACCO CROPS STATES 
49 DOLLARS) 
6275. 9 2050. 
5070. 0 2159. 
5270. 8 2054. 
4835. 7 2078. 
4208. 2 1672. 
4205. 0 1665. 
5532. 6 1796. 
5509. 9 1959. 
5437. 7 2054. 
5817. 2 2372. 
5987. 6 2381. 
6196. 6 2374. 
6153. 4 2004. 
4164. 2 2143. 
3266. 4 2251. 
15538, 1 85019. 3 
14907. 0 82466. 5 
15742. 7 83988. 0 
15573. 7 85157. 9 
15736. 8 68072. 5 
15555. 9 90158. 0 
15370. 2 95212. 9 
16171. 0 97994. 2 
16557. 0 97953. 3 
17318. 5 101402. 6 
17241. 5 104342. 3 
18533. 2 106731. 2 
18937. 5 112657. 8 
19519. 2 117796. 4 









































STOCK OF PHYSICAL ASSETS FOR MODEL COMMODITIES AND UNITED STATES, 
1930-67 
LIVE- FEED UNITED 
STOCK GRAINS WHEAT SOYBEANS COTTON TOBACCO STATES 
(MILLION 1947-49 DOLLARS) 
46395.1 17158.2 5999.9 109.1 7504.6 2428.6 99835.8 
45459.5 18295.5 6064.0 119.7 7204.1 2202.3 99714.6 
45284.6 20009.3 4969.4 110.1 6689.8 1490.3 96936.3 
42672.3 14977.8 3400.3 93.5 6018.5 1743.9 86425.8 
42925.2 11112.4 3500.6 145.4 4986.3 1562.5 83247.0 
38233.4 15116.5 3753.2 270.7 4804.7 1610.8 81204.5 
42658.6 12159.1 4022.4 216.8 5937.2 1565.1 85411.9 
37059.0 15433.9 4723.0 265.0 7526.9 1766.4 82943.2 
39041.8 16455.3 5064.3 320.2 5092.8 1645.6 86500.8 
40494.7 16064.2 4125.2 462.6 4684.7 2035.0 86251.1 
39935.2 15825.8 4259.8 535.6 4678.1 1552.5 85300.9 
39602.5 16025.7 4573.5 646.2 3792.0 1255.6 83458.9 
39871.4 16554.4 4467.3 1002.5 3955.8 1220.4 83944.9 
43722.0 15872.8 4152.4 1005.0 3638.0 1270.7 88265.8 
45686.3 17195.6 5227.6 1013.5 4335.1 1920.0 95015.9 
48124.5 18131.7 5914.5 1163.8 3771.3 2176.9 100331.5 
46725.9 19270.4 6130.9 1169.6 3774.4 2517.6 101093.3 
47073.4 16404.9 7341.6 1198.5 5101.5 2385.8 101281.3 
44313.0 20948.4 7012.9 1455.7 6100.5 2088.9 101393.8 
48106.3 21274.1 6488.8 1498.7 6667.0 2163.8 107642.4 
49047.9 21255.4 6015.5 1902.3 4379.9 2168.9 106436.9 
53020.9 20779.3 6290.5 2042.8 6595.0 2541.2 113892.0 






























































































































































f er t i l i zer  and l ime  expense  for  model  crops ,  o ther  crops  and uni ted  
s ta tes ,  1929-67  
feed  
gra ins  wheat  soybeans  cot ton  tobacco  
(mi l l ion  1947-49  do l lars»  
o ther  
crops  
uni ted  
s ta tes  
61 .0  26 .3  0 .3  91 .1  21 .3  105 .7  305 .7  
63 .3  25 .8  0 .4  92 .1  23 .3  113 .6  318 .5  
52 .4  18 .5  0 .3  67 .2  17 .3  92 .4  248 .1  
39 .1  12 .7  0 .2  44 .2  8 .6  67 .3  172 .1  
43 .2  12 .8  0 .2  43 .5  12 .7  79 .9  192 .3  38 .0  14.4 0 .3  51.2 12 .0  109 .0  224.9 
54 .  0  17 .5  0 .5  55 .0  14 .1  116 .0  257 .1  
52 .4  20 .0  0 .4  70 .1  16 .7  140 .2  299 .8  
66 .9  27 .9  0 .4  87 .1  22 .2  147 .2  351 .7  
67 .7  29 .6  0 .3  62 .5  20 .2  153 .3  333 .6  
78 .7  23 .5  0 .5  61 .1  26 .4  162 .3  352 .5  
98 .8  27 .3  0 .8  65 .1  21 .0  190 .9  403 .9  
118 .4  30 .4  1 .1  63 .1  20 .9  206 .6  440 .5  
134 .9  28 .8  2 .1  61 .4  22 .7  220 .6  470 .5  
152 .1  30 .7  2 .4  59 .9  25 .3  245 .9  516 .3  
184 .9  39 .0  2 .6  62 .9  34 .5  275 .9  599 .8  
188 .7  44.3 3 .0  56.0 37 .  8  290 .4  620.2 
225 .6  52 .4  3 .3  64 .3  46 .6  319 .5  711 .7  
232 .7  61 .9  4 .1  82 .2  47 .1  351 .4  779 .4  
270 .4  68 .4  4 .3  94 .6  38 .2  338 .1  814 .0  
292 .7  80 .1  4 .7  119 .5  39 .2  342 .7  878 .9  
328 .1  75 .8  7 .1  89 .0  40 .5  378 .7  919 .2  
359 .7  86.9 8 .0  151 .8  47 .3  397 .0  1050 .7  





















GRAINS WHEAT SOYBEANS COTTON TOBACCO 





445 .6  117 .5  10 .2  169 .5  46 .1  441 .2  1230 .1  500 .6  104 .0  12 .4  149 .8  48 .5  480 .2  1295 .5  
538 .6  99 .1  15 .2  141 .3  47 .3  513 .6  1355 .1  
520 .  8  110 .6  18 .4  135 .0  45 .8  514 .8  1345 .4  
582 .3  108 .1  20 .6  129 .4  41 .5  548 .4  1430 .3  
603 .6  138 .3  24 .8  119 .0  41 .5  551 .5  1478 .7  
719 .2  148 .4  25 .9  165 .8  48 .7  576 .1  1684 .1  
751 .8  153 .8  26 .9  164 .6  45 .5  557 .1  1699 .7  
743 .7  182 .2  34 .3  194 .1  50 .7  603 .1  1808 .1  
822 .6  173 .6  37 .9  210 .8  55 .1  662 .3  1962 .3  
993 .6  204 .5  42 .8  212 .6  56 .1  719 .1  2228 .7  
1028 .8  246 .4  49 .7  226 .4  53 .8  846 .  i  2451 .2  
1160 .4  207 .6  58 .5  204 .2  50 .6  903 .2  2584 .5  
1389 .6  237 .0  70 .1  141 .2  52 .0  1043 .1  2933 .0  



























seed  inputs  from commerc ia l  and farm sources  for  se lec ted  model  crops  and 
o f f - farm purchased  seed  for  the  uni ted  s ta tes ,  1929-67  
feed  
GRAINS 
157 .0  
160 .2  
162 .3  
163 .5  
163 .5  
151 .5  
134 .9  
161 .2  
155 .3  
160.1 
168 .4  
177 .5  
189 .4  
200 .3  
205 .7  
212 .9  
212.6  
216 .9  
211.6  
220.8 
221 .7  
222.8 
220 .9  
225 .7  
uni ted  
wheat  soybeans  cot ton  s ta tes  
(mi l l ion  1947-49  do l lars )  
152 .8  2 .7  
165 .6  3 .7  
159 .7  5 .5  
152 .7  4 .6  
157 .8  4 .1  
134 .9  8 .2  
140 .2  10 .9  
152 .0  12 .1  
165 .2  12 .  5  
168 .3  13 .9  
141 .6  19 .4  
139 .3  22 .3  
143 .8  21 .6  
121 .9  37 .7  
133 .4  49 .5  
158 .6  44 .6  
163 .3  45 .8  
172 .2  43 .9  
180 .5  45 .6  
191 .5  44 .0  
198 .2  43 .1  
167 .6  53 .2  
177 .4  53 .7  
167 .7  57 .6  
92 .8  222 .0  
101 .1  231 .0  
90 .5  273 .0  
86 .4  286 .0  
95 .2  219 .0  
72 .5  242 .0  
68 .3  211 .0  
58 .9  324 .0  
74 .4  305 .0  
54 .6  446 .0  
56 .6  445 .0  
49 .8  288 .0  
47 .2  507 .0  
49 .5  557 .0  
46 .3  600 .0  
36 .8  570 .0  
32 .8  552 .0  
34 .5  526 .0  
36 .2  551 .0  
35 .3  535 .0  
42 .2  553 .0  
33 .4  551 .0  
46 .1  573 .0  
47 .4  547 .0  
TABLE B9. CONTINUED 
feed  
year  gra ins  wheat  
(mi l l ion  
1953  223 .9  182 .9  
1954  256 .3  138 .4  
1955  257 .4  131 .8  
1956  252 .6  136 .2  
1957  227 .2  114 .7  
195  8  236 .5  132 .5  
1959  243 .7  141 .2  
1960  222 .9  134 .5  
1961  227 .9  142 .7  
1962  206 .2  123.1 
1963  208 .  1  134 .1  
1964  197 .4  137 .1  
1965  187 .9  142 .3  
1966  202 .1  130 .7  
1967  212 .5  175 .2  
soybeans  cot ton  
uni ted  
s ta tes  
1947-49  do l lars )  
59 .8  45 .9  556  
69 .3  43 .1  568  
72 .4  32 .1  584  
81 .2  32 .0  605  
83 .9  25 .8  575 ,  
92 .1  21 .9  581 ,  
85 .7  28 .2  589  
94 .6  29 .1  586  
105 .1  34 .4  604  
107 .8  30 .8  582  
112 .7  28 .5  580  
117 .8  29 .1  599  
134 .7  28 .6  651  
146 .0  20 .0  654  








































BIO. LABOR REQUIREMENTS FOR MODEL COMMODITIES, OTHER CROPS AND UNITED STATES, 
1929-67 
LIVE­ FEED OTHER UNITED 
STOCK GRAINS WHEAT SOYBEANS COTTON TOBACCO CROPS STATES 
(MILLION MAN-HOURS) 
5576.0 3088.0 640.0 10.0 4003.0 729.0 9110.0 23158.0 
5746.0 3025.0 614.0 15.0 3814.0 791.0 8914.0 22921.0 
5876.0 3275.0 554.0 15.0 3911.0 724.0 9072.1 23427.0 
6004.0 3424.0 544.0 13.0 3283.0 477.0 8860.0 22605.0 
6217.0 3092.0 460.0 13.0 3420.0 661.0 8691.0 22554.0 
6046.0 2153.0 399.0 19.0 2408.0 504.0 8703.0 20232.0 
5748.0 2962.0 462.0 36.0 2507.0 613.0 8723.9 21052.0 
5833.0 2305.0 437.0 28.0 2777.0 565.0 8495.1 20440.0 
5748.0 2835.0 565.0 31.0 3638.0 719.0 8561.0 22097.0 
5791.0 2863.0 588.0 35.0 2438.0 647.0 8215.0 2C577.0 
5998.0 2745.0 432.0 48.0 2390.0 871.0 8191.0 20675.0 
6064.0 2709.0 417.0 53.0 2414. 0 626.0 8189.0 20472.0 
6199.0 2669.0 432.0 63.0 2125.0 563.0 7994.9 20046.0 
6435.0 2697.0 377.0 103.0 2219.0 609.0 8143.0 20583.0 
6644.0 2560.0 359.0 103.0 2075.0 633.0 7922.9 20297.0 
6512.0 2515.0 418.0 96.0 2039.0 798.0 7784.9 20163.0 
6318.0 2240.0 425.0 97.0 15 83. 0 824.0 7351.0 18838.0 
6013.0 2128.0 410.0 84.0 1502.0 906.0 7036. 9 18080.0 
5712.0 1777.0 471.0 91.0 1783.0 841.0 6521.1 17196.0 
5462.0 1875.0 427.0 80.0 2073.0 731.0 6184.9 16833.0 
5495.0 1621.0 337.0 74.0 1912.0 747.0 6016.0 16202.0 
5548.0 1484.0 294.0 91.0 1298.0 745.0 5677.0 15137.0 
5460.0 1348.0 290.0 84.0 1760.0 837.0 5442.9 15222.0 
5326.0 1250.0 299.0 82.0 1655.0 820.0 5072.0 14504.0 





GRAINS WHEAT SOYBEANS COTTON 
(MILLION MAN-HOURS.» 
1953 5206.0 1188.0 288.0 83.0 1609.0 
1954 5130.0 1174.0 225.0 94.0 1269. 0 
1955 4948. 0 1154.0 205.0 101.0 1235.0 
1956 4728.0 1012.0 216.0 109.0 1074.0 
1957 4472.0 966.0 166.0 106.0 818.0 
1958 4225.0 891.0 191.0 125.0 769.0 
1959 4076.0 840.0 176.0 115.0 911.0 
1960 3826.0 784.0 171.0 121.0 831.0 
1961 3709. C 639.0 160.0 135.0 772.0 
1962 3527.0 587.0 127.0 138.0 679.0 
1963 3362.0 580.0 127.0 143.0 647.0 
1964 3191.0 503.0 134.0 151.0 573.0 
1965 2964.0 501.0 134.0 169.0 483.0 
1966 2831.0 493.0 130.0 175.0 309.0 
1967 2722.0 514.0 148.0 191.0 242.0 
OTHER UNITED 
TOBACCO CROPS STATES 
746. 0 4846. 1 13966.0 
772. 0 4646. 0 13310.0 
710. 0 4455. 0 12808.0 
663. 0 4226. 0 12028.0 
524. 0 4005. 0 11059.0 
515. 0 3832. 0 10548.0 
539. 0 3644. 0 10301.0 
549. 0 3539. 0 9821.0 
567. 0 3468. 0 9450.0 
606. 0 3391. 0 9055.0 
591. 0 3312. 0 8762.0 
546. 0 3233. 0 8321.0 
477. 0 3173. 0 7901.0 
476. 0 3098. 0 7512.0 
480. 0 3111. 0 7408.0 
TABLE Bll. 





GRAINS WHEAT SOYBEANS COTTON TOBACCO 
(MILLION 1947-49 DOLLARS) 
1929 119.1 544.0 122.4 2.5 131.2 
1930 126.2 573.6 124.3 3.9 122.5 
1931 116.2 579.7 113.4 4.0 101.5 
1932 109.6 551.7 101.7 3.1 87. 3 
1933 102.0 495.2 89.1 3.2 96.7 
1934 99.3 380.9 82.3 5.3 68.8 
1935 86.2 445.1 84.6 8.2 66.7 
1936 104.3 442.9 96.6 8.2 76.7 
1937 97.5 496.7 121.8 8.6 86.4 
1938 106.4 507.9 130.1 10.2 67.1 
1939 116.1 522.5 105.8 15.5 65.7 
1940 118.4 525.5 105.7 17.0 66. 5 
1941 126.7 560.0 114.5 21.6 69.6 
1942 139.2 621. 5 108.4 39.2 77.5 
1943 140.8 581.9 103.4 38.0 68.5 
1944 119.8 550.7 111.8 34.3 69.2 
1945 120.6 520.0 122.2 36.7 68.2 
1946 120.3 550.9 132.1 35.4. 75.2 
1947 138.5 577.3 163.5 46.3 116.3 
1948 154.0 729.2 193.5 51.2 131.6 
1949 195.0 838.4 240.9 59.5 153.7 
1950 235.8 1034.5 240.5 94.8 119.7 
1951 262.0 1088.3 275.0 104.9 173.4 
1952 268.7 1072.0 311.1 113.2 171.8 
9.7 












































































TABLE 811, CONTINUED 
LIVE- FEED 
YEAR STOCK GRAINS 
1953 278.8 1118. 5 
1954 290.8 1255. 7 
1955 286.5 1173. 1 
1956 284.3 1064. 8 
1957 276.1 1118. 6 
1958 259.4 1052. 2 
1959 267.6 1056. 6 
1960 269.0 1073. 8 
1961 273.7 927. 3 
1962 269.6 904. 5 
1963 269.0 932. 2 
1964 287.5 870. 1 
1965 2 87.7 915. 7 
1966 311,7 963. 1 



































68.8 14. 8 
709. 7 2723.7 
669. 9 2771.2 
791. 6 2761.7 
817. 6 2723.2 
766. 9 2643.6 
774. 8 2608.9 
760. 8 2607.9 
815. 8 2708.8 
869. 0 2660.4 
883. 3 2621.5 
853. 6 2630.3 
957. 5 2735.5 
997. 9 2860.2 
1057. 8 2999.9 



































(MILLION 1947-49 DOLLARS) 
1812.0 704.2 245.9 3.2 358.8 
1868.7 629.2 269.4 4.3 345.1 
1763.0 666. 0 261.7 4.7 317.9 
1698.2 713.3 200.4 4.2 281.9 
1595.2 506.7 134.8 3.3 260.0 
1647.4 375.2 149.5 5.4 219.2 
1465.4 585.1 168.0 11.2 223.7 
1709.6 424.3 180.7 3.1 283.2 
1435.9 594.8 217.1 10.7 367.7 
1541.3 594. 6 229.3 12.4 239.9 
1618.3 575.1 181.2 17.7 230.8 
1594.5 569. 2 192.6 19.1 235.1 
1556.0 560. 5 > 202.7 22.5 184.6 
1496.4 553.5 180.7 36.7 192.2 
1630.1 513.7 1 56. 6 35.5 172.9 
1707.4 585.9 216.7 38.9 204.6 
1842.9 618. 6 247.9 46.8 163.8 
1843.1 702.0 266.7 48.2 162.9 
1905.0 556. 0 327.2 48.0 230.8 
1765.2 758.0 298.1 57.7 278.5 
1951.4 701.0 266.8 54.1 309.6 
1991.0 693.2 240.4 69.3 189.6 
2160.4 669.6 243.2 70.7 297.9 











































































TABLE 612. CONTINUED 
LIVE- FEED 
YEAR STOCK GRAINS WHEAT SOYBEANS 
(MILLION 1947-
1953 2266.1 717.3 292.2 84.5 
1954 2269,0 733.6 245.7 92.0 
1955 2284.3 759.7 224.0 102.7 
1956 2301.8 753.5 241.6 126.8 
1957 2374.5 868.9 239.5 134.1 
1958 2297.0 894.1 346.7 168.8 
1959 2483.7 966.2 275.5 155.4 
1960 2453.6 1001.1 334.4 166.8 
1961 2538.7 896.9 299.3 198.1 
1962 2635.4 928.4 276.8 205.1 
1963 2708.4 1000.6 284.6 214.1 
1964 2902.7 917.4 220.0 228.3 
1965 2871.8 1088.0 331.9 281.0 
1966 3076.3 1122.1 354.1 317.6 
1967 3120.7 1250.0 395.5 334.8 
OTHER UNITED 
COTTON TOBACCO CROPS STATES 
DOLLARS) 
333. 9 156.9 813.6 4664.5 
271. 5 168.1 781.3 4561.2 
282. 3 160.1 831.6 4644.7 
256. 2 158.9 810.5 4649.3 
222. 5 127.0 828.9 4795.4 
220. 6 124.3 813.3 4864.8 
288. 5 132.0 798.5 5099.8 
285. 9 142.3 834. 8 5218.9 
282. 0 149. 0 849.8 5213.8 
302. 2 173.7 885.7 5407.3 
311. 9 176.0 885.3 5580.9 
322. 8 175.8 948.1 5815.1 
320. 0 148,1 984.0 6024.8 
215. 3 156,6 1001.6 6243.6 
169. 1 165, 1 986.3 6421.5 
TABLE B13. FUEL, OIL AND REPAIRS EXPENSE FOR MODEL COMMODITIES, OTHER CROPS AND 
UNITED STATES, 1929-67 
LIVE- FEED OTHER UNITED 
YEAR STOCK GRAINS WHEAT SOYBEANS COTTON TOBACCO CROPS STATES 
1929 104,4 228, 3 
1930 109.8 239. 2 
1931 105,8 253. 6 
1932 99,3 240, 6 
1933 105.3 246, 3 
1934 114.4 210, 4 
1935 105.8 261, 6 
1936 126.9 257, •a 
1937 119,1 289, 6 
1938 131,2 300, 4 
1939 149,6 322, 9 
1940 163,0 347, 3 
1941 180,3 382, 0 
1942 202,8 435, 2 
1943 257,7 514, 9 
1944 261,0 578, 6 
1945 281,1 585, 2 
1946 295, 5 654, 1 
1947 334,4 669, 0 
1948 326,9 742, 8 
1949 367,4 759, 2 
1950 385,7 814, 8 
1951 411,9 825, 1 
1952 427,3 823, 8 
(MILLION 1947-49 DOLLARS) 
67,7 1,1 101,2 
68,3 1,7 93,9 
65,3 1,8 81,4 
58,3 1,4 69,7 
58,2 1,7 88,0 
59,9 3,1 69,8 
65,6 5,1 72,1 
74,1 5,0 82,0 
93,8 5,3 92,7 
101,3 6, 4 72,9 
86,1 10,1 74,5 
92,0 11,8 80.7 
102,9 15,5 87.2 
99,9 28,9 99. 5 
119,9 35,4 110.8 
154,3 37,9 133.1 
180,5 43,4 140.5 
205,8 44,2 163.2 
249,5 56,4 247.2 
259,5 54,9 246.1 
287,0 56,7 255.2 
249,0 78,5 172.8 
273,8 83,6 240.6 
313,7 91,4 241.4 
20.2 110,1 633,0 
20.6 113,9 647,4 
18.5 123,0 649,4 
12.0 108,4 589,7 
17.0 66.6 583,1 
14.3 127.4 599,3 
16.6 125.0 651,8 
17.3 126.3 688,9 
21.4 151.5 773,4 
20.9 173.0 806,1 
27,0 165.1 835,3 
22.2 199.2 916,2 
22.4 206.4 996,7 
26.3 231.1 1123,7 
32.9 262.0 1333,6 
52.4 270.5 1487,8 
61.8 291.2 1583.7 
78.1 297.2 1738.1 
103,8 262.6 1922.9 
68,1 355.0 2053.3 
63,0 384.9 2173.4 
61,9 426.0 2188.7 
63,7 408. 5 2307.2 
70,3 487.4 2455.3 
TABLE 813. CONTINUED 
LIVE- FEED 
YEAR STOCK GRAINS WHEAT SOYBEANS 
(MILLION 1947-
1953 431.7 836.3 304.4 93.5 
1954 433.5 905.3 239.6 107.4 
1955 435.3 862.1 210.2 112.2 
1956 456.9 828. 7 253.9 134.6 
1957 458.8 900.1 215.5 133.7 
1958 444. 7 872.1 258.6 158.1 
1959 474.6 906.5 263.1 148.9 
1960 444.3 860.1 251.4 150.3 
1961 443.8 729.4 2 54.2 178.2 
1962 461.9 751.5 232.8 193.2 
1963 459.2 771.0 247.8 198.4 
1964 476.4 698.2 262.4 210.4 
1965 468.1 723.6 260.6 242.9 
1966 501.1 751.9 258.3 263.9 
1967 520.0 756.4 301.2 280.0 
OTHER UNITED 

















482. 2 2445. 0 
462. 9 2398. 5 
579. 7 2436. 5 
626. 7 2544. 1 
636. 6 2553. 6 
673. 8 2596. 0 
662. 5 2686. 0 
669. 8 26C6, 2 
686. 7 2511. 6 
741. 1 2614. 3 
717. 7 2611. 4 
773. 7 2635. 2 
821. 1 2712. 4 
871. 5 2810. 7 


























B14, MISCELLANEOUS EXPENSE FOR MODEL COMMODITIES, OTHER CROPS AND UNITED 
STATES, 1929-67 
LIVE— FEED OTHER UNITED 
STOCK GRAINS WHEAT SOYBEANS COTTON TOBACCO CROPS STATES 
(MILLION 1947-49 
530.0 210.1 76.0 5.3 
514.7 177.2 79.5 5.6 
479.9 185.3 76.2 5.1 
489.6 211.2 62.7 4.7 
506.4 165.8 46.5 4.1 
513.8 120.9 50.4 5.3 
424.5 173.4 52.3 7.4 
484.9 122.8 54.8 6.2 
407.6 171.6 64. 6 5.9 
441.0 172.5 70.0 7.4 
498.9 179.2 59.9 10.1 
495.4 178.0 63.8 11.7 
530.3 192.9 73.3 12.9 
511.5 191.8 67.1 16.9 
547.5 175.7 57.4 17.9 
516.3 180.8 69.9 14.8 
535.2 183.6 76.6 16.6 
552.8 213.4 84.2 16.9 
623.2 185.6 112.6 20.8 
590.3 259.6 104.8 24.4 
644.5 237.0 93.1 23.0 
725.4 259.3 94.1 28.6 
794.6 253.1 97.3 27.6 
763.5 258.2 119.7 26.0 
DOLLARS) 
266.8 44.6 352.0 1484.8 
233.6 46.3 332.9 1389.8 
252.9 39.4 319.2 1358.0 
212.0 25.3 328.8 1334.3 
231.4 35.9 318.1 1308.2 
182.7 31.8 326.2 1231.1 
186.5 33.4 329.1 1206.6 
219.2 31.7 305.5 1225.1 
300.9 37.1 290.7 1278.4 
189.1 33.4 330.7 1244.1 
192.2 46.7 348.3 1335.3 
200.6 35.1 355.9 1340.5 
181.6 31.0 378.5 1400.5 
197.5 30.4 354.6 1369.8 
169.6 30.0 350.0 1348.1 
180. 1 41.1 340. 8 1343.8 
134.1 43.9 359.3 1349.3 
149.1 54.0 392.3 1462.7 
220.6 56.0 418.6 1637.4 
276.0 51.5 413.6 1720.2 
306.9 52.7 425.7 1782.9 
191.9 5 8.4 486.4 1844.1 
288.3 69.9 494.1 2024.9 
274.6 65.2 483.3 1990.5 





GRAINS WHEAT SOYBEANS COTTON TOBACCO 
(MILLION 1947-49 DOLLARS) 
1953 773.3 252.0 108.9 25.7 300.9 
1954 815.2 271.6 99.0 29.7 258.5 
1955 867.5 297.4 95.9 33.3 283.6 
1956 914.1 309.8 105.9 41.3 262.7 
1957 929.9 351.9 103.7 45.7 220.2 
1958 946.7 381.2 152.6 60.0 229. 5 
1959 1053.2 423.7 129.6 60.5 301. 5 
1960 1057.2 445.9 157,2 68.3 300.1 
1961 1127.7 411.8 147.3 86.8 301.9 
1962 1205.1 440.4 144.2 97.6 325.3 
1963 1262.0 484.6 152.9 107.5 339.2 
1964 1359.6 447.2 179.3 116.1 345.3 
1965 1331.7 525.6 185.1 154.2 338.5 
1966 1475.0 561.7 201.4 172.5 227.6 





58.9 482.3 2002.0 
65.6 498.6 2038.2 
65.9 552.7 2196.3 
68.5 580.3 2282.6 
54.2 591.8 2297.4 
56.2 624.5 2450.7 
61.8 632.5 2662.8 
68.1 664.6 2761.4 
73.5 690.0 2839.0 
87.4 730.3 3030.3 
89.7 749.7 3185.6 
89.8 791.8 3329.1 
75.1 799.4 3409.6 
82.3 879.7 3600.2 
89.1 893.0 3809.5 
TABLE B15. INTEREST EXPENSE ON STOCKS FOR MODEL COMMODITIES, OTHER CROPS AND UNITED 
STATES, 1929-67 
LIVE­ FEED 
YEAR STOCK GRAINS WHEAT 
(MI 
1929 659.4 208.3 35.6 
1930 673.1 193.0 30.5 
1931 684.0 173.6 35.0 
1932 712.2 208.4 45.3 
1933 749,7 248.1 38.8 
1934 768.5 182.0 26.1 
1935 678.0 107.3 20.7 
1936 681.2 203. 8 23.0 
1937 672.4 115.8 18.1 
1938 665.1 220.6 29.3 
1939 687.4 239.6 38.6 
1940 732.9 239.9 32.2 
1941 740.8 248.3 39.4 
1942 794.0 265.7 52.3 
1943 868.1 297.5 68.2 
1944 921.8 251.9 53.8 
1945 854.4 278.9 54.1 
1946 832.1 257.7 50.7 
1947 798.5 279.4 51.5 
1948 763.3 205.6 60.1 
1949 760.3 323.2 54.5 
1950 776.6 292.1 44.8 
1951 812.6 285.9 47.3 




LLION 1947-49 DOLLARS) 
UNITED 
STATES 
0.5 31.9 15.7 125.8 1077.2 
0.5 23.7 19.2 128.4 1068.4 
0.7 22.1 20.5 114.7 1050.6 
1.0 45.0 22.8 118.5 1153.2 
0.8 36.3 16.6 126.5 1216.8 
0.7 39.4 20.6 113.5 1150.8 
1.2 17.2 13.3 95.9 933.6 
2.4 15.5 12.2 131.1 1069.2 
1.7 13.7 11.4 106.1 939.2 
2.3 29.1 16.1 126.9 1089.4 
2.9 14.3 12.0 127.7 1122.5 
6.9 7.7 15.5 116.1 1151.2 
8.3 13.1 12.0 134.7 1196.6 
8.1 9.9 9.6 131.7 1271.3 
16.1 12.0 10.4 139.0 1411.3 
10.3 8.3 12.5 135.4 1394.0 
7.7 16.2 18.3 123.8 1353.4 
8.0 24.3 15.8 132.1 1320.7 
6.9 17.6 20.9 125.4 1300.2 
9.5 22.0 14.1 124.3 1198.9 
13.7 23.1 11.2 116.1 1302.1 
11.3 19.9 11.5 122.6 1278.8 
18.6 12.2 9.5 130.1 1316.2 
19.1 28.3 10.3 128.0 1346.8 





GRAINS WHEAT SOYBEANS COTTON TOBACCO 
OTHER 
CROPS 
(MILLION 1947-49 DOLLARS) 
1953 872.8 273.0 56.9 15.3 
1954 866.4 274.0 59.8 14.9 
1955 885.6 287.1 45.1 27.1 
1956 897.5 304.0 44.9 21.3 
1957 873.2 297.7 41.4 30.5 
1958 861. 7 346.7 41.4 34.7 
1959 881.5 369.2 64.2 36.9 
1960 903.5 386.3 46.0 35.9 
1961 905.3 403.6 59.3 31.4 
1962 926.3 382.6 50.5 47.1 
1963 957.4 383.9 44.5 41.3 
1964 977.5 408.8 43.6 47.6 
1965 970.3 350.3 54.8 34.9 
1966 961.3 398.1 57.0 52.0 
1967 977.5 376.5 57.4 62.9 
UNITED 
STATES 
26.5 12.7 122.5 1379.7 
24.0 10.5 130.5 1380.1 
15.8 10.0 133.7 1404.4 
19.9 6.7 144.4 1438.7 
13.5 6.9 141.0 1404.2 
22.5 4.7 147.0 1458.7 
13.1 5.5 158.0 1528.4 
12.9 9.5 132.4 1526.5 
15.2 9.2 132.6 1556.6 
21.6 5.3 138.9 1572.3 
27.0 8.6 150.2 1612.9 
19.7 8.2 151.8 1657.2 
41.3 17.2 113.5 1582.3 
29.6 7.2 146.7 1651.9 
7.8 8.7 364.7 1855.5 
TABLE B16. REAL ESTATE TAX EXPENSE FOR MODEL 
STATES, 1929-67 
LIVE- FEED 
YEAR STOCK GRAINS WHEAT SOYBEANS 
(MILLION 1947-
1929 400.8 156.5 50.2 0.7 
1930 434.4 147.3 57.6 1.0 
1931 430.0 163.3 57.2 1.2 
1932 464.3 198.4 49.3 1.2 
1933 476.7 154.7 36.6 1.1 
1934 431.4 98.7 35.4 1.5 
1935 329.5 129.5 34.0 2.6 
1936 372.1 90.3 35.3 1.8 
1937 295.9 119.2 40.6 2.2 
1938 320.1 119.4 44.2 2.6 
1939 339.7 116.7 36.3 3.7 
1940 330.0 113.2 38.9 3.9 
1941 325.1 113.8 42.4 4.6 
1942 299.2 106.0 37.0 7.0 
1963 310.5 96.0 30.3 6.5 
1944 302.8 101.6 38.4 6. 6 
1945 314.8 102.4 41.5 7.7 
1946 304.3 111.7 43.2 7.8 
1947 307.3 91.4 51.3 7.8 
1948 286.8 125.0 45.7 9.5 
1949 339.6 121.4 43.0 9.5 
1950 384.0 135.2 45.0 13.2 
1951 3 84.3 120.3 41.7 12.4 
1952 383.7 127.4 52.2 14.7 
COMMODITIES, OTHER CROPS AND UNITED 
OTHER UNITED 
COTTON TOBACCO CROPS STATES 
DOLLARS) 
68.9 19.5 174.8 871.4 
68.9 22.6 162.6 894.4 
66.7 20.5 174.2 913.1 
69.8 14.3 94.5 891.8 
70.0 19.7 28.8 787.6 
49.4 15.5 75.7 707.6 
42.7 13.7 163.6 715.6 
51.7 12.8 153.6 717.6 
61.2 13.7 175.0 707.8 
37.2 12.4 172.7 708.6 
35.4 16.5 184.4 732.7 
34.0 11.6 178.8 710.4 
26.0 9.3 149.4 670.6 
26.2 8.5 99.6 585.5 
22.4 8.1 73.9 547.7 
24.9 11.5 74.1 559.9 
18.0 11.5 109.8 605.7 
17.1 12.5 108.5 605.1 
23.5 11.3 138.1 630.7 
28.4 10.6 134.9 640.9 
32.5 11.2 136.9 694.1 
22.7 12.8 106.6 719.5 
32.1 14.2 100.9 705.9 
32.2 13.6 96.1 719.9 





GRAINS WHEAT SOYBEANS COTTON TOBACCO 
(MILLION 1947-49 DOLLARS) 
1953 403.5 130.5 49.5 15.3 
1954 422.4 139.7 43.8 17.1 
1955 436.2 149.1 41.7 19.5 
1956 443.3 149.5 46.1 24.0 
1957 453.4 176.7 46.1 24.8 
1958 441.6 182.4 66.1 31.7 
1959 472.3 195.5 51.9 28.5 
1960 485.9 212.1 65.9 31.9 
1961 526.1 199.9 61.3 40.2 
1962 554.7 208.2 56.1 41.7 
1963 559.6 223.0 57.3 43.4 
1964 5 89.0 200.3 62.7 45.0 
1965 580.2 239.4 65.7 55.3 
1966 620.1 248.2 70.7 61.4 


















































tab le  817 .  product ion  data  for  model  
f eed  
year  gra ins  wheat  
(mi l l ion  (mi l l ion  
tons!  bushe l s )  
1929  85 .7  824 .2  
1930  77 .9  886 .5  
1931  87 .2  941 .5  
1932  101 .3  756 .3  
1933  75 .9  552 .2  
1934  44 .2  526 .1  
1935  83 .9  628 .2  
1936  52 .3  629 .9  
1937  91 .9  873 .9  
1938  89 .9  919 .9  
1939  89 .1  741 .2  
1940  91 .6  814 .6  
1941  98 .4  942 .0  
1942  113 .3  969 .4  
1943  103 .8  843 .8  
1944  108 .6  1060 .1  
1945  105 .6  1107 .6  
1946  114 .6  1152 .1  
1947  87 .2  1358 .9  
1948  127 .1  1294 .9  
1949  111 .9  1098 .4  
1950  113 .1  1019 .3  
1951  104 .8  988 .2  
1952  111 .0  1306 .4  
crops ,  1929-67  
soybeans  cot ton  tobacco  
(mi l l ion  (mi l l ion  (mi l l ion  
bushe l s )  ba les )  pounds)  
9 .4  14 .8  1532 .7  
13 .9  13 .9  1648 .0  
17 .3  17 .1  1565 .1  
15 .2  13 .0  1018 .0  
13 .5  13 .0  1372 .0  
23 .2  9 .6  1086 .6  
48 .9  10 .6  1302 .0  
33 .7  12 .4  1162 .8  
46 .2  18 .9  1569 .0  
61 .9  11 .9  1385 .6  
90 .1  11 .8  1880 .6  
78 .0  12 .6  1460 .4  
107 .2  10 .7  1261 .8  
187 .5  12 .8  1408 .4  
190 .1  11 .4  1406 .2  
192 .1  12 .2  1950 .9  
193 .2  9 .0  1991 .1  
203 .4  8 .6  1314 .8  
186 .5  11 .9  2107 .2  
227 .2  14 .9  1979 .6  
234 .2  16 .1  1969 .1  
299 .2  10 .0  2029 .6  
283 .8  15 .1  2331 .6  
298 .8  15 .1  2256 .1  
TABLE 817. CONTINUED 
YEAR 
FEED 
GRAINS WHEAT SOYBEANS COTTON 
(MILLION (MILLION 
TONS) BUSHELS) 
1953 108.3 1173.1 
1954 114.1 983.9 
1955 120.8 937.1 
1956 119.3 1005.4 
1957 132.4 955.7 
1958 144.1 1457.4 
1959 149.5 1117.7 
1960 155.5 1354.7 
1961 139.8 1232.4 
1962 141.7 1092.0 
1963 153.8 1146.8 
1964 134.2 1283.4 
1965 157.4 1315.6 
1966 157.6 1311.7 





















































TABLE B18. BEGINNING CROP YEAR SUPPLY 
FEED 
YEAR GRAINS WHEAT 
(MILLION (MILLION 
TONS) BUSHELS) 
1929 93.4 1051.1 
1930 84.9 1178.0 
1931 95.2 1254.1 
1932 111.5 1131.6 
1933 91.3 930.1 
1934 58.2 813.1 
1935 88.1 808,9 
1936 66.9 804.9 
1937 95.9 957.8 
1938 104.3 1073.4 
1939 110.1 991.6 
1940 114.7 1097.9 
1941 121.6 1330.4 
1942 133.4 1601.2 
1943 124.0 1599.1 
1944 122.4 1419.0 
1945 121.0 1388.8 
1946 125.6 1252.3 
1947 101.1 1442.9 
1948 135.5 1492.4 
1949 143.1 1407.9 
1950 144.4 1455.9 
1951 134.7 1419.6 
1952 132.8 1584.0 
FOR MODEL CROPS, 1929-67 
SOYBEANS COTTON TOBACCO 
(MILLION (MILLION (MILLION 
BUSHELS) BALES) POUNDS) 
9.6 17.2 3161.5 
14.1 18.3 3318.6 
17.8 23.2 3486.2 
15.3 22.6 3315.2 
13.6 20.9 3505.1 
23.2 17.3 3364.7 
49.2 17.7 3513.1 
34.1 17.9 3347.5 
46.5 22.9 3583.3 
62.2 23.3 3560.0 
91.1 24.6 4004.6 
78.4 23.0 4179.1 
107.9 23.0 4259.1 
193.5 23.3 4234.3 
202.7 21.9 4098.9 
206.3 22.9 4332.3 
200.9 20.4 4383.8 
207.8 16.2 4773.6 
191.8 14.4 4862.4 
229.8 17.9 4991.6 
237.4 21.5 5039.6 
302.1 16.9 5118.0 
287.9 17.4 5474.5 
302.4 18.1 5658.9 
TABLE B18. CONTINUED 
FEED 
YEAR GRAINS WHEAT 
(MILLION (MILLION 
TONS) BUSHELS) 
1953 137.5 1784.1 
1954 146,7 1921.6 
1955 160.7 1983.2 
1956 163.4 2046.6 
1957 182.2 1875.4 
1958 203.5 2346.5 
1959 217. 5 2420.1 
1960 230.5 2676.2 
1961 225.3 2649.4 
1962 214.1 2419.3 
1963 218.6 2346.0 
1964 203.9 2185.9 
1965 212.5 2133.8 
1966 200.0 1848.6 
1967 213.4 1948.3 
SOYBEANS COTTON TOBACCO 
(MILLION (MILLION (MILLION 
BUSHELS) BALES) POUNDS) 
279.3 22.1 5663.5 
342.4 23.5 5911.2 
383.6 26.0 6169.4 
453.0 27.7 6287.1 
493.3 22.4 6026.2 
601,3 20.3 5842.1 
595,0 23.6 5715.8 
578.5 22.1 5732.7 
685.6 21.8 5764.4 
726.8 22.9 6028.1 
745.2 26.6 6367.4 
768.2 27.7 6549.5 
875.3 29.3 6349.6 
964.1 26.8 6238.3 
1066.2 19.9 6147.4 
TABLE B19. COMMODITY PRICES 
LIVE- FEED 
YEAR STOCK GRAINS 
(INDEX, (1947-49 
1947-49 DOLLARS/ 
= 100) TON) 
1929 83.7 40.50 
1930 72.4 30.39 
1931 58.3 19.41 
1932 47.8 19.68 
1933 47.5 35.57 
1934 51.2 52.34 
1935 71.4 36.83 
1936 74.3 61.73 
1937 75.5 31.89 
1938 68.0 28.90 
1939 66 . 0 34.23 
1940 66.2 35.66 
1941 77.9 41.81 
1942 85.9 44.90 
1943 93.0 54.81 
1944 89.8 50.55 
1945 94.1 55. 88 
1946 96.7 62. 88 
1947 102.9 76.10 
1948 105.5 44.81 
1949 91.7 42.83 
1950 93.1 49.39 
1951 104.6 50.97 
1952 93.2 48.03 
BY GNP DEFLATOR FOR MODEL COMMODITIES, 1929-67 























































tab le  b19 .  cont inued  
l ive -  feed  
year  s tock  gra ins  
( index ,  (1947-49  
1947-49  do l lars /  
=  100)  ton)  
1953  81 .0  45 .30  
1954  74 .1  42 .37  
1955  68 .6  37 .  83  
1956  64 .1  37 .01  
1957  66 .7  30 .40  
1958  72 .8  29 .94  
1959  67 .2  27 .86  
1960  65 .3  26 .17  
1961  64 .0  28 .99  
1962  64 .3  28 .79  
1963  61 .0  28 .02  
1964  57 .8  29 .12  
1965  62 .8  28 .30  
1966  68 .3  29 .09  
1967  63 .0  24 .77  
soybeans  cot ton  
(1947-49  (1947-49  (1947-49  
do l lars /  cents /  cents /  
bushe l )  pound)  pound)  
2 .40  28 .4  46 .1  
2 .14  29 .2  44 .4  
1 .90  27 .7  45 .5  
1 .80  26 .3  44 .4  
1 .65  23 .6  44 .7  
1 .56  25 .8  46 .6  
1 .50  24 .2  44 .6  
1 .60  22 .7  45 .9  
1 .70  24 .5  47 .4  
1 .72  23 .5  43 .3  
1 .82  23 .4  41 .9  
1 .  87  21 .3  42 .3  
1 .78  19 .7  45 .7  
1 .88  14 .1  45 .3  
1 .65  12 .7  44 .4  
TABLE B20. CROP YEAR COMMERCIAL DEMAND DATA FOR 
FEED WHEAT WHEAT 
YEAR GRAINS (FOOD) (OTHER! 
(MILLION (MILLION (MILLION 
TONS) BUSHELS) BUSHELS) 
1929 85.3 504.3 112.3 
1930 76.3 489.6 260.6 
1931 84.4 482.8 270.3 
1932 95.5 492.4 226.6 
1933 78.6 448.4 180.5 
1934 54.6 475.6 178.0 
1935 76.7 493.1 167.8 
1936 62.9 496.6 192.9 
1937 76.8 492.9 208.1 
1938 82.0 499.3 214.1 
1939 85.6 492.4 170.5 
1940 90.9 493.1 186.4 
1941 102.1 493.5 178.5 
1942 116.8 530.4 424.5 
1943 111.8 537.3 703.6 
1944 106.5 536.9 459.5 
1945 108.6 498.4 400.8 
1946 106.5 504.2 267.6 
1947 91.5 487.8 274.0 
1948 99.6 480.9 200.6 
1949 107.8 492.0 188.4 
1950 109.4 492.8 197.3 
1951 109.8 496.8 191.8 
1952 100.5 488.2 172.8 
MODEL CROPS, 1929-67 
SOYBEANS COTTON T0BACC3 
(MILLION (MILLION (MILLION! 
BUSHELS) BALES) POUNDS) 
9.6 6.1 1482.6 
13.6 5.3 1394.6 
15.5 4.9 1187,7 
12.8 6.1 1180.: 
13.6 5.7 1220.7 
22.9 5.4 1147.5 
45.4 6.4 1321.2 
33.7 7.9 1321.r 
44.7 5.7 1407.0 
56.8 6.9 1434.: 
79.8 7.8 1286.d 
77.4 9.7 iiei.3 
101.4 11.2 1452.L 
180.1 11.1 ises.i 
187.6 9.9 1723.2 
193.5 9.6 1942.6 
193.7 9.2 1233,2 
198.5 10.0 1260.3 
186.3 9.4 141C.6 
203.6 7.8 1416,^  
221.4 8.9 1420,5 
270.1 10,5 1451.5 
267.4 9.2 1467,c 
260.4 9.5 1556,; 
TABLE B20. CONTINUED 
FEED WHEAT WHEAT 


































519.2 128. 6 
SOYBEANS COTTON TOBACCO 
(MILLION (MILLION (MILLION 
BUSHELS) BALES) POUNDS) 
238.3 8.6 1480.5 
271.8 8.8 1419.0 
312.4 9.2 1410.0 
357.7 8.6 1372.0 
386.7 8.0 1392.9 
429.1 8.7 1388.0 
430.4 9.0 . 1423.5 
442.4 8.3 1462.9 
474.8 9.0 1460.8 
500. 5 8.4 1471.2 
490.7 8.6 1440.2 
526.3 9.2 1505.9 
5 89. 1 9.5 1460.3 
612.4 9.5 1356.8 
633.0 9.0 1371.6 
TABLE B21. CROP YEAR EXPORT DATA FOR 
FEED 
YEAR GRAINS WHEAT 
(MILLION (MILLION 
TONS) BUSHELS» 
1929 1.2 140.4 
1930 0.6 112.4 
1931 0.6 22.9 
1932 0.7 31.9 
1933 0.4 25.6 
1934 0.2 13.6 
1935 0.4 7.5 
1936 0.2 12.6 
1937 4.8 103.7 
1938 1.6 110.0 
1939 1.7 48.9 
1940 0.7 33.7 
1941 1.0 27.6 
1942 0.4 27.4 
1943 0.6 41.7 
1944 1.0 143.5 
1945 1.5 389.6 
1946 5.3 396.7 
1947 1.8 485.1 
1948 5.5 503.6 
1949 4.8 302.8 
1950 6.4 365.9 
1951 4.8 475.0 
1952 5.3 317.5 
MODEL CROPS, 1929-67 
SOYBEANS COTTON TOBACCO 
(MILLION (MILLION (MILLION 
BUSHELS) BALES) POUNDS) 
0.0 6.7 670.4 
0.0 6.8 660.2 
2.2 8.7 482.9 
2.5 8.4 446.8 
0.0 7.5 527.9 
0.0 4.8 418.5 
3.5 6.0 483.3 
0.0 5.4 465.7 
1.4 5.6 513.3 
4.4 3.3 529.2 
11.0 6.2 382.2 
0.3 1.1 200.6 
0.5 1.1 311.7 
0.9 1.5 314.9 
1.0 1.1 376.3 
5.1 2.0 498.0 
2.9 3.6 598.4 
3.8 3.5 657.9 
2.9 2.0 439.6 
23.0 4.7 505.6 
13.1 5.8 530.5 
27.8 4.1 . 523.3 
17.0 5.5 583.7 
31.9 3.0 497.6 
TABLE 821. CONTINUED 
FEED 
YEAR GRAINS WHEAT 
(MILLION (MILLION 
TONS) BUSHELS) 
1953 3.8 216.7 
1954 5.5 274.0 
1955 8.1 345.9 
1956 7.7 549.1 
1957 9.8 402.3 
1958 12.6 442.8 
1959 12.8 509.8 
1960 12.7 661.5 
1961 17.3 719.4 
1962 16.8 643.8 
1963 18.8 856.1 
1964 21.6 725.0 
1965 29.1 867.4 
1966 22.0 742.4 
1967 23.3 761.1 
SOYBEANS COTTON TOBACCO 
(MILLION (MILLION (MILLION 
BUSHELS) BALES) POUNDS) 
39.7 3.8 515.2 
60.6 3.4 515.5 
67.5 2.2 647.7 
85.4 7.6 556.3 
85.5 5.7 527.4 
110.1 2.8 534.6 
141.4 7.2 503.4 
130.1 6.6 566.5 
153.2 4.9 590.1 
180.3 3.4 530.0 
187.2 5.7 608.5 
212.2 4.1 548.4 
250.6 2.9 537.3 
261.6 4.7 704.2 



























ENDING CROP YEAR GOVERNMENT INVENTORY DATA FOR MODEL CROPS, 1929-67 
FEED 
GRAINS WHEAT COTTON 
(MILLION (MILLION (MILLION 
TONS) BUSHELS) BALES) 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
2.3 0.0 3.0 
0.0 0.0 6.0 
0.0 0.0 3.2 
0.0 0.0 1.7 
1.3 0.0 7.0 
7.2 28.1 11.0 
13.2 11.9 8.7 
11.3 207.8 7.0 
5.5 419.2 6.7 
0.4 398.0 5.4 
0.2 117.1 6.7 
0.3 125.7 6.9 
0.0 32.5 0.8 
0.3 0.7 0.1 
0.0 0.8 0.0 
15.3 243.5 3.8 
20.9 361.2 3.5 
14.8 207.6 0.1 
9.0 154.9 0.3 
16.6 492.5 2.0 
TABLE B22. CONTINUED 
YEAR 
FEED 
GRAINS WHEAT COTTON 
(MILLION (MILLION (MILLION 
TONS) BUSHELS) BALES) 
1953 22.6 849.9 7.0 
1954 29.7 990.0 8.1 
1955 34.7 979.6 9.9 
1956 40.8 836.7 5.2 
1957 49.7 853.1 2.9 
195 8 58.0 1242.7 7.0 
1959 65.7 1287.4 5.0 
1960 74.7 1367.9 1.5 
1961 62.5 1191.6 4.7 
1962 55.8 1179.1 8.2 
1963 56.6 891.5 10.4 
1964 43.7 682.4 11.6 
1965 24.4 340.4 12.3 
1966 18.3 201.3 5.9 
1967 29.5 323.2 0.2 
TABLE B23. ENDING CROP YEAR COMMERCIAL 
FEED 
YEAR GRAINS WHEAT 
(MILLION (MILLION 
TONS) BUSHELS) 
1929 6.9 291.1 
1930 8.0 312.5 
1921 10.2 375.3 
1932 15.3 377.8 1933 10.0 272.9 
1934 3.4 145.9 
1935 11.0 140.4 
1936 3.8 83.2 
1937 13.0 153.1 1938 13.5 221.9 
1939 9.6 267.8 1940 11.8 176.9 
1941 13.0 211.6 1942 17.4 220.9 
1943 11.4 199.5 1944 14.6 153.5 
1945 10.9 67.6 
1946 13.5 83.1 
1947 7.8 195.1 
1948 15.1 63.8 
1949 9.6 63.5 
1950 13.8 192.3 1951 11.1 101.1 
1952 10.4 113.0 
INVENTORY DATA FOR MODEL CROPS, 1929-67 
SOYBEANS COTTON TOBACCO 
(MILLION (MILLION (MILLION 
BUSHELS) BALES) POUNDS) 
0.2 4.5 1678.9 
0.5 6.4 1924.0 
0.1 9.7 2298.5 
0.1 8.2 2134.4 0.0 4.7 2284.4 
0.3 1.2 2217.2 
0.4 2.2 2191.9 
0.3 2.8 2015.6 
0.3 4.6 2176.5 
1.0 2.0 2125.7 
0.4 1.8 2718.0 
0.7 5.1 2998.1 
6.0 4.0 2826.7 
12.6 5.3 2645.2 
14.2 4.1 2375.7 
7.7 4.2 2389.7 
4.4 6.5 2452.2 5.3 2.5 2755.5 
2.6 3.0 3012.3 3.2 1. 5 3070.7 
2.9 3.3 3088.6 
4.1 2.2 3143.2 3.6 2. 5 3403.0 
10.1 3.6 3604.4 
TABLE 


















GRAINS WHEAT SOYBEANS COTTON TOBACCO 
(MILLION (MILLION (MILLION (MILLION (MILLION 
TONS) BUSHELS) BUSHELS) BALES) POUNDS) 
9.1 83.6 1.3 2.7 3667.7 
9.6 46.2 9.9 3.1 3976.7 
8.5 53.9 3.7 4.7 4111.7 
8.0 72.1 9.9 6.1 4358.8 
9.3 28.3 21.1 5.8 4105.8 
9.5 52.4 62.1 1.8 3919.4 
8.9 26.0 23.2 2.5 3788.9 
10.3 43.4 6.0 5.7 3703.4 
9.7 130.4 57.6 3.1 3713.6 
8.6 16.1 46.0 3.1 4023.9 
12.7 9.9 67.3 2.0 4321.8 
11.1 134.9 29.7 2.7 4495.2 
17.7 194.8 35.6 4. 6 4349.9 
18.8 223.2 90.1 6.5 4140.1 


























B24» GROSS INCOME DEFLATED BY GNP DEFLATOR FOR MODEL COMMODITIES, OTHER CROPS 

















































































































































































































GRAINS WHEAT SOYBEANS COTTON TOBACCO 
(MILLION 1947-49 DOLLARS) 





2632. 6 963. 9 7416. 0 30275.8 2271. 3 1007. 8 7866. 2 29583.3 
2246. 9 1047. 9 7582. 0 28531.2 
1967. 6 961. 1 7360. 0 27971.9 1470. 1 774. 3 7622. 8 27606.9 1636. 2 793. 2 8091. 0 30121.3 1927. 9 811. 6 7448. 3 28759.6 
1795. 4 869. 0 7494. 4 28939.0 1965. 6 985. 1 7288. 3 29823.1 
1947. 3 971. 3 7715. 7 30775.0 
2007. 6 920. 9 8090. 1 31127.7 
1841. 6 1010. 7 7149. I 29840.6 
1717. 3 831. 7 7931. 4 32202.0 























625. OTHER ENDOGENOUS LIVESTOCK VARIABLES AND UNITED STATES TOTAL FARM PRODUC­
TION EXPENSES, UNITED STATES NET INCOME AND UNITED STATES TOTAL FARM 
LABOR FORCE, 1929—67 
LIVESTOCK 
PURCHASES 
LIVESTOCK LIVESTOCK U.S. 
FEED PRODUCTION LIVESTOCK PRODUCTION 
PURCHASES UNITS MARKETINGS COSTS 
U.S. U.S. TOTAL 


















































(MILLION (INDEX, (MILLION (MILLION 
LIVESTOCK 1947-49 1947-49 1947-49 (MILLION UNITS) = 1001 DOLLARS) DOLLARS) PEOPLE» 
144.6 70.9 11772.6 9450.1 12.8 144.6 69.6 10952.6 6717.7 12.5 148.1 70.9 9612.8 5805.6 12.7 149.0 68.4 8671.1 3930.4 12.8 139.3 70.9 8629.7 5059.4 12.7 120.9 74.7 8683.2 5383.1 12.6 129.2 64. 6 9335.8 9631.4 12.7 130.5 70.9 10276.9 7847.0 12.3 140.4 68.4 10800.6 10498.3 12.0 146.1 70.9 10477.9 7718.6 11.6 153.9 75.9 11269.7 7938.9 11.3 155.9 79.7 12138.1 7932.7 11.0 172.0 83.5 12818. 8 10691.9 10.7 194.4 93.4 14721.4 14447.2 10.5 190.8 102.5 15901.4 16076.7 10.4 176.0 106.3 16488.0 15648.4 10.2 171.8 105.1 17007.8 16031.3 10.0 167.8 103.8 16899.7 17561.8 10.3 163.6 102.5 17760.2 16010.4 10.4 168.4 96.2 18349.6 17250.0 10.4 175.3 101.3 17681.4 12566.4 10.0 
I 
TABLE B25. CONTINUED 
LIVESTOCK LIVESTOCK 
LIVESTOCK FEED PRODUCTION LIVESTOCK 
PURCHASES PURCHASES UNITS MARKETINGS 
(MILLION (MILLION (MILLION (INDEX, 1947-49 1947-49 LIVESTOCK 1947-49 
DOLLARS) DOLLARS) UNITS) = 100) 




U.S. U.S. TOTAL 


























































































B26. OBSERVED DATA ON VARIABLES THAT ARE EXOGENOUS TO THE MODEL, 1929-67 
LIVESTOCK FEED GRAINS WHEAT SOYBEANS COTTON TOBACCO 
REAL ESTATE REAL ESTATE REAL ESTATE REAL ESTATE REAL ESTATE REAL ESTATE 
TAX RATE TAX PATE TAX RATE TAX RATE TAX RATE TAX RATE 
(1947-49 DOLLARS TAX PER 10,000 1947-49 
121.0 117.7 113.3 
125.0 121.2 115.6 
128.0 124.0 115.2 
141.0 137.7 127.0 
159.0 155.7 145.3 
140.0 134.3 126.9 
123.0 116.6 111. 8 
119.0 112.5 108.1 
115.0 108.3 105.7 
116.0 109.2 109.4 
119.0 112.6 116.3 120.0 113.1 120.2 
122.0 116.1 125.4 
116.0 110.3 121.5 
108.0 103.2 112.3 98.0 93.1 99.8 
93.0 86.9 91.9 
92.0 86.7 92.3 
91.0 89.7 89.8 
92.0 89.9 88.1 98.0 94.0 92. 0 110.0 106.6 107.9 
100.0 97.5 98.2 96.0 92.9 90.9 
DOLLARS OF REAL ESTATE VALUE) 
121.0 101.3 108.0 
125.2 103.2 111.3 
131.9 106.5 114.5 146.5 123.8 127.9 
168.0 138.4 141.5 141.0 116.1 124.3 
121.1 100.3 100.8 
114.5 96.0 97.2 
111.6 89.0 92.5 
112.6 83.3 92.0 
114.2 83.6 94.4 
113.4 80.4 91.3 
116.1 78.9 90.8 
106.2 75.6 85.9 
99.9 70.8 80.6 
91.0 64.9 72.8 
86.4 57.4 64.2 
87.4 56.6 59.9 
87.9 55.0 57.2 
89.9 55.2 L9.8 
95.4 56.7 60,6 
103.7 65.2 69.2 
94.9 58.3 64.2 
92.2 55.8 60.5 

















LIVESTOCK FEED GRAINS WHEAT SOYBEANS COTTON TOBACCO 
REAL ESTATE REAL ESTATE REAL ESTATE REAL ESTATE REAL ESTATE REAL ESTATE 
TAX RATE TAX PATE TAX RATE TAX RATE TAX RATE TAX RATE 
(1947-49 DOLLARS TAX PER 10,000 1947-
99.0 96.8 95.0 
104.0 102.0 100.7 
107.0 105.1 105.1 
106.0 104.6 106.2 
105.0 107.0 107.0 
105.0 106.3 104.9 
103.0 104.7 102.7 
107.0 109.1 106.7 
112.0 114.7 110.9 
114.0 115.3 109. 8 
112.0 114.7 109.5 
110.0 112.3 106.6 
109.0 112.9 107.4 
108.0 112.5 107.5 
108.0 110.5 107.2 
DOLLARS OF REAL ESTATE VALUE) 
96.5 56.1 61.6 
99.8 58.2 65.3 
102.0 59.7 66.2 
100.3 59.4 66.1 
98.0 56.9 64.6 
98.7 58.9 62.7 95.8 59.1 61.8 99.4 59.5 62.5 
105.2 62.5 64.2 
105.5 62.0 64.6 
105.4 59.5 64.2 
102.7 58.3 62.2 
102.3 57.3 61.3 
99.7 57.8 63.4 
96.8 59.8 64.1 
TABLE B26. CONTINUED 
CONSUMER FARM SUPPLY 
PRICE INDEX PRICE INDEX 
YEAR DEF (GNP) DEF (GNP) 
1929 73.2 112.0 1930 71.4 112.9 
1931 65.0 114.7 1932 58.4 112.9 
1933 55.3 107.1 
1934 57.2 105.2 
1935 58.6 104.2 
1936 59.2 105.5 
1937 61.3 106.5 
1938 60.2 110.2 
1939 59.4 108.9 
1940 59.9 110.2 
1941 62.9 109.5 
1942 69.7 107.5 
1943 74.0 112.0 1944 75.2 114.4 
1945 76.9 113.2 1946 83.4 102.3 
1947 95.4 98.6 
1948 102.8 98.3 
1949 101.8 103.1 
1950 102.8 102.1 1951 111.0 102.2 
1952 113.5 106.0 
FERTILIZER MOTOR SUPPLY MACHINERY WHEAT SEED 
PRICC INDEX PRICE INDEX PRICE INDEX PRICE INDEX 
DEF (GNP) DEF (GNP) DEF (GNP) DEF (GNP) 































































1953 114,3 102.5 96.5 1954 114.8 97.6 95,7 1955 114.4 94.4 92. 5 1956 116,1 91.7 87.7 1957 120.2 89.1 85.1 1958 123.5 87.5 83.0 1959 124.5 85.5 81.2 1960 126,5 84.1 79.8 1961 127.8 84.0 79.9 1962 129.3 83.0 78.5 1963 130.9 82.2 76.9 1964 132.6 81.6 75.3 1965 134.*8 80.7 74.4 1966 138.7 79.1 72.4 1967 142.6 77.4 70.8 
MOTOR SUPPLY MACHINERY WHEAT SEED 
PRICE INDEX PRICE INDEX PRICE INDEX 
DEF (GNP» DEF (GNP) DEF (GNP) 
1 0 0 »  
100.9 114.8 89.5 
100,7 113.5 86.4 100.5 111.8 89.7 
98.9 113.0 80.5 98.8 114.3 78.6 
95.8 116.3 75.5 
94.8 119.3 67,9 
94.3 120.5 67.1 
93.7 121.8 66.3 
91.6 122.6 70.1 
90.9 123.1 76.0 
89.0 124.0 72.3 88.4 125.2 56.7 86.5 126.4 52.6 
85.9 128.3 61.7 





































= 100) DOLLARS) 




































0 . 0  
0.0  
0 .0  
0. 0 
0 . 0  
0 .0  
0.0 
0 .0  
0 .0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 .0  
0 .0  
0 . 0  
0.0 
0 . 0  





0 .0  
0.0  
0 .0  
0.0 
0 .0  
0 . 0  
0 .0  
0 .0  
0 .0  
0 .0  
0 .0  
0 .0  
0 .0  
0 .0  
0 .0  
0 .0  
0.0  
0 .0  
0 .0  

























TABLE B26. CONTINUED 
BROADWOVEN 
COTTON SEED CLOTH 
PRICE INDEX PRICE INDEX 
YEAR DEF (GNP) DEF (GNP) 
(1947-49 (1947-49 
= 100) = 100) 
1950 76,9 96.3 
1951 104.7 100.1 
1952 90.8 85.7 
1953 82.6 81. 1 
1954 77.2 75.5 
1955 80.4 76.4 
1956 64.9 75.0 
1957 65.8 69.9 
1958 74.7 66.0 
1959 62.9 68.4 
1960 62.9 69.6 
1961 67.1 64.9 
1962 66. 8 65.0 
1962 67.6 63.6 
1964 65.3 62.3 























1394. 7 0.0 
1375.9 0.0 
































463.5 5 1 1 , b  
484.7 618.0 












































































































COTTON TOBACCO FEED GRAINS 
SUPPORT SUPPORT DIVERTED 
PRICE PRICE ACRES 
DEF (GNP) DEF (GNP) DEF (GNP) 
(CENTS/ (CENTS/ (MILLION 
POUND) POUND) ACRES) 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
19.8 0.0 0.0 
22.1 0.0 0.0 
18.2 0.0 0.0 
0.0 0.0 0.0 
15.7 0.0 0.0 
14.7 0.0 0.0 
15.6 0.0 0.0 
15.8 29.0 0.0 
23.1 32.9 0.0 
25.0 36.1 0.0 
25.2 37.0 0.0 
27.9 37.7 0.0 
25.8 37. 8 0.0 
26.6 39.2 0.0 
27.6 42.0 0.0 
28.1 41.4 0.0 
26.8 39.6 0.0 



















CORN WHEAT SOYBEANS COTTON TOBACCO FEED GRAINS 
SUPPORT SUPPORT SUPPORT SUPPORT SUPPORT DIVERTED 
PRICE PRICE PRICE PRICE PRICE ACRES 
DEF (GNP) DEF (GNP) DEF (GNP) DEF (GNP) DEF (GNP) DEF (GNP) 
(DOLLARS/ (DOLLARS/ (DOLLARS/ (CENTS/ (CENTS/ (MILLION 
BUSHEL) BUSHEL) BUSHEL) POUND) POUND) ACRES) 
1.43 1.98 2.23 27.7 45.2 0.0 
1.42 1.96 2.28 27.5 44.0 0.0 
1.41 1.95 2.26 27.1 41.1 0.0 
1.41 1.94 1.93 27.4 40.3 0.0 
1.35 1.78 1.75 27.1 39.5 0.0 
1.24 1.65 1.78 24.3 39.8 0.0 
1.12 1.59 1.67 23.0 41.2 0.0 
1.06 1.42 1.63 24.3 43.1 0.0 
0.86 1.39 1.42 23.3 43.8 0.0 
0.80 1.34 1.39 21.8 43.1 0.0 
0.89 1.33 1.71 24.6 42.5 25.2 
0.88 1.47 1.65 23.9 42.5 28.2 
0.91 1.32 1.63 23.6 42.3 24.5 
0.89 0.93 1.61 23.9 42.1 32.4 
0.88 0. 88 1.58 23.4 41.7 34.7 
0. 89 0.85 1.71 20.8 41.4 34.7 
0.90 0.83 1.66 21.1 41.0 20.3 
TABLE B26. CONTINUED 
WHEAT COTTON TOBACCO 
ALLOTMENT ALLOTMENT ALLOTMENT YEAR DUMMY DUMMY DUMMY 









1.0 1.0 1.0 
2.0 1.4 4.0 
3.0 1.7 9.0 
4.0 2.0 16.0 
5.0 2.2 25.0 
6.0 2.4 36.0 
7.0 2.6 49.0 
8.0 2.8 64.0 
9.0 3.0 81.0 
10.0 3.2 100.0 
11.0 3.3 121.0 
12.0 3.5 144.0 
13.0 3.6 169.0 
14.0 3. i 196.0 
15.0 3.9 225.0 
16.0 4.0 256.0 
17.0 4.1 289.0 
18.0 4.2 324.0 
19.0 4.4 361.0 
20.0 4.5 400.0 
21.0 4.6 441,0 
22.0 4.7 434.0 
23.0 4.8 529.0 
TABLE B26. CONTINUED 
WHEAT COTTON TOBACCO 
ALLOTMENT ALLOTMENT ALLOTMENT 
YEAR DUMMY DUMMY DUMMY 









24.0 4.9 576.0 
25.0 5.0 625.0 
26.0 5.1 676.0 
27.0 5.2 729.0 
28.0 5.3 784.0 
29.0 5.4 841.0 
30.0 5.5 900.0 
31.0 5.6 961.0 
32.0 5.7 1024.0 
33.0 5.7 1089.0 
34.0 5.8 1156.0 
35.0 5.9 1225.0 
36.0 6.0 1296.0 
37.0 6.1 1369.0 
38.0 6.2 1444.0 




WORLD POST WORLD 
WAR II WAR 11 
DUMMY DUMMY 
1930 0.0 0.0 0.0 1931 0.0 0.0 0.0 1932 0.0 0.0 0.0 1933 0.0 0.0 0.0 1934 0.0 0.0 0.0 1935 0.0 0.0 0.0 1926 0.0 0.0 0.0 1937 0.0 0.0 0. 0 
1938 0.0 0.0 0.0 
1939 0.0 0.0 0.0 1940 0.0 0.0 0.0 1941 0.0 0.0 0.0 1942 0.0 1.0 0.0 1943 0.0 1.0 0.0 










(1947-49 (1947-49 (1947-49 
= 100) = 100) = 100) 
91.8 84.8 100.0 
91.8 84.8 100.0 
91. 8 84.8 100.0 
91.8 84.8 100.0 
91.8 84.8 100.0 
91.8 84.8 100.0 
92.2 84.8 100.0 
92.2 85.7 100.0 
92.2 86.6 100.0 
93.1 87.5 100.0 
93.6 88.5 100.0 
94.5 89.6 100.0 
95.4 91.1 100.0 
96.3 92.6 100.0 
97.2 94.3 100.0 
98.1 95.8 100.0 
99.0 97.0 100.0 
99.4 98.1 100.0 
99.9 99.1 ] 00.0 
99.9 100.0 100.0 
100.3 100.8 100.0 
100.3 101.4 100.0 
100.8 102.2 100.0 




WORLD POST WORLD 
WAR II WAR II 
DUMMY DUMMY 
1953 0.0 0.0 0.0 
1954 0.0 0.0 0.0 
1955 0.0 0.0 0.0 
1956 0.0 0.0 0.0 
1957 0.0 0.0 0.0 
1958 0.0 0.0 0.0 
1959 0.0 0.0 0.0 
1960 0.0 0.0 0.0 
1961 1.0 0.0 0.0 
1962 2.0 0.0 0.0 
1963 3.0 0.0 0.0 
1964 4.0 0.0 0.0 
1965 5.0 0.0 0.0 
1966 6.0 0.0 0.0 





























































TABLE 826. CONTINUED 
FEED GRAINS WHEAT COTTON 
YEAR IMPORTS IMPORTS IMPORTS 
(MILLION (MILLION (MILLION 
TONS) BUSHELS) BALES) 
1929 0.0 0.1 0.4 1930 0.1 0.4 0. 1 1931 0.0 0.0 0.1 1932 0.0 0.0 0.1 1933 0.1 0.2 0.1 1936 1.7 14.2 0.1 1935 0.8 34.7 0.2 1936 3.6 34.6 0.2 1937 0.2 0.7 0.2 1938 0.1 0.3 0.1 1939 0.3 0.3 0.2 1940 0.3 3.5 0.2 1941 0.1 3.7 0.3 1942 1.6 1.1 0.2 1943 2.4 136.6 0.1 1944 2.2 42.6 0.2 1945 0.5 2.0 0.3 1946 0.1 0.1 0.3 1947 0.1 0.1 0.2 1948 0.6 1.5 0.2 1949 0.8 2.2 0.2 1950 0.8 11.9 0.2 1951 1.3 31.5 0.1 
TOBACCO FEED GRAINS 
TOBACCO FOREIGN EQUITY 
IMPORTS PRODUCTION RATIO 
(MILLION (MILLION 
POUNDS) POUNDS) 
63.2 3517.3 5.0 
75.4 3464.0 5.1 
73.4 3633.9 4.8 59.5 3491.0 4.2 
55. 8 3478.0 3.8 
58.3 3348.9 4.4 67.9 3784.0 4.5 
69.3 3850.2 4.7 
68.0 3719.0 5.0 
76.1 4781.9 5.2 
80.7 4265.7 5.1 
77.8 4541.2 5.2 
71.0 3492.5 5.3 
81.4 3415.9 5.9 
71.2 3483.6 6.9 
77.0 3881.9 8.8 
76.1 3808.7 10.8 
92.4 5805.2 12.7 
75.0 5172.8 13.9 
88.5 5245.4 15.2 
86. 8 4895.9 15.6 
94.0 5092.7 14.6 
105.6 5235.5 15.3 
TABLE B26. CONTINUED 
FEED GRAINS WHEAT COTTON 
YEAR IMPORTS IMPORTS IMPORTS 
(MILLION (MILLION (MILLION 
TONS) BUSHELS) BALES) 
1952 1.7 21.6 0.2 
1953 2.2 5.5 0.1 
1954 0.9 4.2 0.1 1955 0.8 9.9 0.1 
1956 0,9 7.7 0.1 
1957 1.0 10.8 0. 1 1958 0.4 7.7 0.1 
1959 0. 5 7.3 0.1 
1960 0.4 8.1 0. 1 
1961 0.5 5.7 0.2 
1962 0.2 5.4 0.1 
1963 0.4 3.9 0.1 1964 0.4 1.1 0.1 
1965 0.3 0.9 0.1 
1966 0.3 1.8 0.1 











105. 9 4975.9 15.3 
105.4 5596.8 14.3 
109.8 5898.2 13.2 
115.3 6303.9 12.8 
121.6 6424.8 12.2 
125.7 6972.7 11.9 
152.0 6570.6 11.8 
156.9 6684.1 12.0 
164.2 6717.3 11.5 
165.3 6691.3 10.8 
162.0 6328.3 10.5 
165.6 7176.6 9.9 
182.9 8029.5 9.5 
173.9 7948.2 9.0 
184.9 8113.8 8.7 
219.0 8191.7 8.5 





1932 4.0 1933 3.5 1934 4.0 
1935 4.2 1936 4.4 1937 4.7 
193 8 4.9 1939 4.8 1940 4. 8 1941 5.0 
1942 5.6 1943 6.7 1944 8. 8 1945 11.0 1966 13.1 1947 14. 8 






















6 .2  
6.8 
8.0 
10 .1  






































































TABLE B27« FEED GRAINS CURRENT EXPENSE AND VALUE OF PRODUCTION DATA USED TO 
CALCULATE FACTOR SHAPES, 1930-1967 
YEAR 
FERTI- MACHIN- REAL FUEL, MISCEL-
LIZER SEED LABOR EPY ESTATE OIL,& LANEOUS 
S LIME EXPENSE EXPENSE EXPENSE EXPENSE REPAIRS EXPENSE 
INTER- REAL VALUE 
EST ON ESTATE OF PRO-
STOCKS TAX DUCT I ON 
(MILLION CURRENT DOLLARS) 
1930 59.0 72.1 724. 4 305. 1 578.5 1931 58.6 74.5 661. 2 338. 4 507.7 1932 43.2 57.5 544. 1 338. 7 491.5 1933 28.0 38.5 427. 2 305. 6 476.5 1934 28.0 29.1 343. 1 265. 1 328.6 1935 30.8 51.9 268. 6 209. 4 253.9 1936 41.4 68.2 407. 1 248. 0 377.1 1937 47.3 55.5 343. 5 252. 3 255.9 1938 54.9 84.0 471. 0 286. 9 359.7 1939 53.9 63.9 455. 1 308. 0 342.0 1940 62.3 58.6 435. 8 315. 4 318.9 1941 75.6 70.2 439. 2 313. 3 319.7 1942 90.0 75.5 538. 7 342. 2 332.0 1943 119.8 100.8 724. 8 559. 3 360.7 1944 149.5 123.4 889. 1 562. 1 358.7 1945 178.3 168.8 1045. 2 558. 3 422.3 1946 200.6 167.2 1008. 2 466. 7 467.5 1947 216.9 170.3 1031. 2 401. 7 598.9 1948 225.5 194.4 943. 0 480. 4 531.5 1949 274.4 258.8 1072. 2 702. 1 777.5 1950 298.3 202.3 895. 9 901. 3 713.8 1951 348.2 189.6 822. 5 1122. 4 717.0 1952 363.8 211.6 840. 1 1260. 7 743.0 1953 414.8 230.2 835. 4 1305. 1 843.5 
202.7 
202.1 






















153. 1 116.5 101. 8 2274.3 
126. 8 111.0 93. 4 1511.0 
122. 4 79.9 94. 0 973.0 
123. 3 56.0 102. 6 1028.7 
89. 7 36.0 78. 2 1372.3 69. 1 58.4 53. 6 1264.4 
99. 0 67.4 70. 9 1715.8 
71. 1 74.7 49. 6 1784.4 
104. 6 76. 4 68. 2 1658.5 
107. 3 76.0 67. 4 1458.7 
108. 4 71.7 64. 8 1706.2 
110. 8 87.6 63. 9 1862.1 
128. 2 91.5 69. 1 2520.4 
140. 6 124.3 73. 6 3510.1 
143. 8 160.0 70. 1 4140.0 
154. 9 190.1 76. 0 4129.0 
159. 6 179.9 78. 6 4545.7 
187. 3 171.7 95. 8 6165.3 
175. 6 211.0 87. 7 6435.4 
261. 1 288.7 127. 9 5 807.0 
248. 5 249.1 123. 5 4871.6 
272. 9 209.2 139. 4 5887.0 
284. 7 254.4 132. 4 5950.8 



















FERTI- MACHIN- REAL FUEL, MISCEL-
LIZER SEED LABOR ERY ESTATE OIL,S LANEOUS 
6 LIME EXPENSE EXPENSE EXPENSE EXPENSE REPAIRS EXPENSE 
(MILLION CURRENT DOLLARS! 
INTER- REAL VALUE 
EST ON ESTATE OF PRO-
























































B28. WHEAT CURRENT EXPENSE AND VALUE OF PRODUCTION DATA USED TO CALCULATE 
FACTOR SHARES, 1930-67 
FERTI- MACHIN- REAL FUEL, MISCEL-
LIZER SEED LABOR ERY ESTATE OIL,& LANEOUS 
& LIME EXPENSE EXPENSE EXPENSE EXPENSE REPAIRS EXPENSE 
(MILLION CURRENT DOLLARS) 
INTER- REAL VALUE 
EST ON ESTATE OF PRO-
STOCKS TAX DUCT ION 
25.1 73.4 173.9 69.5 
23.7 82. 8 155.3 74.0 
15.4 51.3 106.5 66.8 
9.5 29.2 78.5 56.8 
8.6 28.8 59.0 48.1 
12.0 47.4 57.6 45.5 
14.2 57.9 73.5 47.5 
18.7 61. 6 75.4 55.4 
23.8 85.7 108.6 70.8 
24.4 78.2 107.9 79.3 
19.3 38.5 78.4 64.3 
21.3 47.7 78.2 63.3 
23.2 47.8 101.6 70.3 
25.6 55.9 118.7 96.6 
30.7 72.9 150.5 99.0 
38.5 102.4 203.2 112.1 
48.5 110.4 226.7 109.0 
51.5 124.8 233.2 96.5 
60.6 167.5 291.7 136.2 
69.5 213.0 280.9 186.4 
81.1 190.1 215.7 259.5 
80.3 153.2 190.5 261.9 
88.5 173.5 207.5 319.3 
115.7 172.8 227.3 379.6 
200.0 60.1 55.4 18.9 32.7 848.9 215.2 57.7 56.9 17.8 36.5 587.8 191.3 46.7 50.4 11.6 32.9 359.7 132.6 41.3 36.6 10.8 25. 5 283.6 86.5 40.5 25.2 6.5 18.5 406.4 100.2 44.1 28.8 9.1 19.2 441.4 107.5 47.9 29.8 9.6 18.6 519.5 108.5 55.1 31.7 10.6 19.4 642.5 130.9 71.2 39.4 10.4 23.2 838.1 131.7 76.2 43.6 12.2 24.9 511.5 100.4 62.9 36.2 10.3 20.2 508.5 108.1 65.9 39.7 13.0 21.9 549.1 
120.1 75.9 48.7 13.8 25.7 884.5 117.9 78.7 49.2 26.1 25.2 1056.6 109.4 97.0 47.0 37.4 22.2 1139.1 156.4 127.1 59.9 35.3 28.8 1494.8 
187.3 148.6 66.6 34.3 31.8 1650.4 227.3 172.4 73.9 33.1 37.1 2189.0 312.7 230.4 106.5 43.2 49.2 3111.9 305.7 267.6 105.4 74.1 46.8 2563.9 271.7 300. 0 97.6 49.5 43.7 2065.0 


















FERTI- MACHIN- REAL FUEL, MISCEL-
LIZER SEED LABOR ERY ESTATE OIL,& LANEOUS 
6 LIME EXPENSE EXPENSE EXPENSE EXPENSE REPAIRS EXPENSE 







113.0 184.5 218. 8 385.0 339.3 97.5 136.6 167. 0 314.2 288.7 87.3 135.1 155. 2 276.7 272.0 96.7 131.3 169. 2 330.9 303.6 89.0 109.6 133. 1 287.1 312.1 113.9 122.4 154. 9 356.2 470.6 115.1 119.8 147. 1 372.3 386.9 
120.4 114.7 145. 4 371.4 485.2 139.9 120.2 138. 3 388.7 446.5 131.7 111.3 113. 5 346.3 424.2 145.7 129.7 117. 2 371.7 448.5 172.8 129.0 126. 2 406.8 511.2 147.3 107.4 131. 8 421.0 549.0 















126.7 55.3 56.2 
111.4 53.9 50.4 
105.9 43.3 48.7 
117.4 39.9 55.7 
115.8 36.7 57.8 
171.7 37.3 85. 0 
144.6 53.1 67.8 
175.5 40.6 87.5 
166.4 49.9 82.4 
162.9 46.8 76.3 
173.4 43.5 79.0 
204.8 41.6 87.8 
213.0 36.8 93.7 


























B29. SOYBEANS CURRENT EXPENSE AND VALUE OF PRODUCTION DATA USED TO CALCULATE 
FACTOR SHARES, 1930-67 
FERTI- MACHIN- REAL FUEL, MISCEL-
LIZER SEED LABOR ERY ESTATE OIL,G LANEOUS 
S LIME EXPENSE EXPENSE EXPENSE EXPENSE REPAIRS EXPENSE 
(MILLION CURRENT DOLLARS I 
INTER- REAL VALUE 
EST ON ESTATE OF PRO-
STOCKS TAX DUCTION 


















FERTI- MACHIN- REAL FUEL, MISCEL-
LIZER SEED LABOR ERY ESTATE OIL,& LANEOUS 
G LIME EXPENSE EXPENSE EXPENSE EXPENSE REPAIRS EXPENSE 







9.9 59.0 52. 2 
11.8 71.4 60. 8 
13.6 67.4 65. 9 
16,6 67.7 75. 8 
18.2 68.2 76. 4 
21.9 71.0 87. 9 
21.8 63.0 83. 1 
22.9 69. 5 89. 1 
29.0 87.0 102. 2 
32.2 89.4 108. 3 
35.9 97.3 115. 1 
41.0 109.1 125. 2 
46.9 130.0 148. 2 
54.5 139.4 165. 7 
147.5 98. 1 107.1 29.8 15. 0 17.3 732.2 175.8 108.2 124.6 33.4 14. 1 19.7 839.1 184.3 124.9 131.8 36.7 24. 1 22.8 829.6 218.9 159.5 161.0 45.8 15. 8 29.0 979.5 222.4 175.0 165.6 51.0 23. 1 31.1 1000.6 271.6 229.6 194.7 67.5 25. 7 40.8 1160.4 262.8 218.8 184.5 67.6 27. 0 37.3 1044.5 276.5 242.9 188.3 76.2 26. 8 42.4 1182.8 339.1 296.9 224.6 98.0 23. 1 54.0 1549.5 357.8 316.0 240.7 110.2 39. 8 56.7 1565.9 370.4 339.6 248.5 121.8 35. 5 59.8 1755.0 405.9 367.1 262.1 132.6 45. 7 63.0 1836.4 487.8 468.2 306.1 177.4 35. 3 78.9 2147.8 556.2 544.1 334.5 200.0 49. 6 89.9 2553.4 
TABLE 830. COTTON CURRENT EXPENSE AND VALUE OF PRODUCTION DATA USED TO CALCULATE 
FACTOR SHARES, 1930-67 
FERTI­ MACHIN­ REAL 
LIZER SEED LABOR ERY ESTATE YEAR & LIME EXPENSE EXPENSE EXPENSE EXPENSE 
(MILLION CURRE 











89.9 194.4 21.9 44.8 1243.8 79.3 167.3 15.0 43.7 659.0 58.3 167.0 8.0 38.4 483.8 49.4 123.8 9.7 36.1 423.9 
61.2 125.2 8.8 35.4 663.4 51.5 104.3 14.8 26.8 595.5 
52.6 106.5 7.8 23.4 589.9 61.1 127.0 6.4 28.4 766.3 
70.4 183.4 6.1 35.0 796.7 

















FERTI- MACHIN- REAL FUEL, MISCEL-
LIZER SEED LABOR ERY ESTATE OIL,& LANEOUS 
£ LIME EXPENSE EXPENSE EXPENSE EXPENSE REPAIRS EXPENSE 
(MILLION CURRENT DOLLARS) 
INTER- REAL 
EST ON ESTATE 
STOCKS TAX 
161.0 42. 5 921. 8 
138.4 34. 4 720. 0 
121.7 27. 7 711. 6 
114.3 23. 3 658. 5 
101.5 20. 4 524. 2 
93.3 20. 2 515. 5 
121.8 22. 3 611. 9 
122.0 22. 2 565. 2 
140.9 28. 3 533. 1 
151.1 25. 8 485. 3 
140.5 24. 0 476. 9 
147.6 23. 8 439. 2 















387.6 264. 5 350.1 29.1 40. 0 319.2 214. 7 290.8 22.9 34. 0 343.1 202. 8 313.0 16.2 36. 8 322.3 212. 5 291.0 19.3 34. 7 290.1 191. 9 245.9 12.6 30. 0 300. 1 167. 3 258.2 21. 1 31. 9 406.2 212. 3 336.6 13.4 42. 7 416.3 212. 6 335.0 12.7 43. 5 422.8 202. 5 341.0 14.1 45. 7 465.7 212. 6 367.3 22.4 49. 1 494.7 193. 6 384.5 27.4 49. 1 519.2 192. 8 394.3 20.6 50. 6 533.4 181. 4 3 89.5 39. 5 50. 3 368.9 140. 4 263.8 28.1 35. 2 
1 9 3 0  
1 9 3 1  
1 9 3 2  
1 9 3 3  
1 9 3 4  
1 9 3 5  
1 9 3 6  
1 9 3 7  
1 9 3 8  
1 9 3 9  
1 9 4 0  
1 9 4 1  
1 9 4 2  
1 9 4 3  
1 9 4 4  
1 9 4 5  
1 9 4 6  
1 9 4 7  
1 9 4 8  
1 9 4 9  
1 9 5 0  
1 9 5 1  
1 9 5 2  
1 9 5 3  
B31. TOBACCO CURRENT EXPENSE AND VALUE OF PRODUCTION DATA USED TO CALCULATE 
FACTOR SHAPES, 1930-67 
f e r t i ­
l i z e r  
&  l i m e  
l a b o r  
e x p e n s e  
m a c h i n ­
e r y  
e x p e n s e  
r e a l  
e s t a t e  
e x p e n s e  
f u e l ,  
o i l , g  
r e p a i r s  
m i s c e l ­
l a n e o u s  
e x p e n s e  
i n t e r ­
e s t  o n  
s t o c k s  
r e a l  
e s t a t e  
t a x  
2 0 . 9  
21.8  
1 4 . 2  
6.0 
8.1 
9 . 6  
1 0 . 5  
1 4 . 8  
18.0  




2 0 . 3  
2 4 . 9  
3 3 . 3  
4 0 . 2  
4 4 . 9  
4 5 . 6  
3 8 . 7  
3 9 . 7  
4 3 . 0  
4 8 . 2  
5 0 . 2  
1 4 4 . 7  
1 4 7 . 0  
1 0 4 . 7  
5 2 . 9  
6 6 . 5  
5 5 . 9  
7 3 . 8  
7 3 . 3  
1 0 4 . 0  
9 2 . 7  
1 2 4 . 8  
9 1 . 3  
9 8 . 0  
1 3 2 . 8  
1 7 5 . 3  
2 6 9 . 5  
3 0 1 . 7  
3 3 0 . 2  
3 7 9 . 3  
3 3 3 . 4  
3 2 9 . 0  
3 3 1 . 5  
4 1 4 . 9  
4 2 9 . 9  
( m i l l i o n  c u r r e n t  d o l l a r s )  
6. 0 
6 . 4  
5 .  5  
3 . 4  
4 .  1  
3 . 1  
3 . 4  
3 . 6  
4 . 4  
4 . 6  
5 . 7  
4 . 3  
4 . 3  
6 . 4  
7 . 1  
9 . 6  
9 . 8  
10.2 
1 5 . 4  
1 3 . 2  
1 5 . 7  
18.2  
20 .8  
2 3 . 9  
102.0 
108.2 
8 3 . 7  
4 5 . 9  
5 9 . 5  
5 6 . 4  
6 1 . 3  
5 6 .  6  
6 6 . 4  
5 8 . 3  
7 5 . 3  
5 7 . 7  
5 0 . 0  
5 3 . 1  
5 5 . 8  
86.2 
9 8 . 0  
1 3 4 . 2  
1 4 7 . 5  
1 4 3 . 8  
1 4 7 . 7  
1 5 3 . 9  
1 9 5 . 9  
1 9 7 . 6  
1 7 . 9  
1 7 . 4  
1 3 . 3  
8 . 5  
11 .8  
1 0 . 5  
1 2 . 1  
1 2 . 9  
16 .2  
1 5 . 7  
1 9 . 7  
1 5 . 9  
1 6 . 5  
20.8 
26.6  
4 3 . 1  
5 0 . 9  
6 5 . 4  
9 5 . 8  
7 0 . 2  
6 5 . 9  
66.0 
7 1 . 2  
7 9 . 0  
3 2 . 5  
3 3 . 1  
2 6 . 0  
1 4 .  8  
1 9 . 4  
1 8 . 2  
1 9 .  1  
1 8 . 4  
22 .6  
20.8  
2 8 . 3  
21. 8 
20 .6  
2 2 . 2  
2 4 . 5  
3 5 . 2  
3 8 . 1  
4 7 . 4  
5 2 . 9  
5 1 . 8  
5 5 . 2  
6 1 . 5  
7 8 . 7  
7 7 . 7  
8 . 4  
9 . 4  
7 . 0  
5 . 0  
4 . 5  
6 . 9  
7 . 2  
5 . 7  
6 . 7  
8 .1  
5 . 8  
5 . 8  
4 . 7  
6 .2  
9 . 4  
1 1 . 5  
1 6 . 7  
1 4 . 2  
20 .2  
1 3 . 4  
12.0  
1 1 . 9  
1 0 . 9  
1 1 . 9  
1 2 . 7  
1 4 . 3  
11.8  
7 . 4  
10.0 
8 . 4  
7 . 5  
7 . 1  
7 . 9  
7 . 0  
9 . 2  
6.6 
5 . 6  
5 . 8  
5 . 9  
8.6 
8 . 8  
1 0 . 7  
10.8 
10.8 
1 1 . 4  
1 3 . 2  
1 5 . 7  
1 5 . 3  
v a l u e  
o f  p r o ­
d u c t i o n  
2 8 0 . 5  
2 1 0 . 9  
1 2 8 . 3  
1 0 6 . 9  
1 7 8 . 4  
2 3 1 . 0  
2 3 9 . 6  
2 7 4 . 4  
3 2 0 . 1  
2 7 1 . 6  
2 8 9 . 6  
2 3 5 . 1  
3 3 3 . 1  
5 1 9 . 7  
5 6 9 . 5  
8 1 9 . 4  
8 4 8 . 2  
5 9 3 . 0  
9 1 8 . 7  
9 5 4 . 2  
9 0 3 . 8  
1 0 4 9 . 3  
1 1 9 1 . 4  
1 1 2 5 . 8  
y e a r  
1 9 5 4  
1 9 5 5  
1 9 5 6  
1 9 5 7  
1 9 5 8  
1 9 5 9  
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
831. CONTINUED 
f e r t i -  m a c h i n -  r e a l  f u e l ,  m i s c e l -  i n t e r -
l i z e r  l a b o r  e r y  e s t a t e  o i l , 6  l a n e o u s  e s t  o n  
6  l i m e  e x p e n s e  e x p e n s e  e x p e n s e  r e p a i r s  e x p e n s e  s t o c k s  
( m i l l i o n  c u r r e n t  d o l l a r s )  
4 4 . 3  3 9 4 . 1  2 3 . 4  1 8 1 . 8  7 5 . 6  6 8 . 6  1 4 . 5  1 4 . 3  1 0 7 7 . 0  
4 5 .  4  4 0 5 . 0  2 3 . 7  1 9 6 . 8  7 5 . 1  7 3 . 8  1 2 . 2  1 6 . 3  1 1 4 6 .  5  
4 1 .  6  3 7 9 . 0  2 3 . 6  1 9 2 . 9  7 5 .  5  7 2 .  8  1 1 . 3  1 5 . 9  1 1 6 6 . 6  
4 0 .  1  3 7 9 . 0  2 3 . 9  1 9 8 . 1  7 8 . 4  7 5 . 9  8 . 0  1 6 . 6  1 1 6 8 .  3  
3 4 . 8  3 0 9 . 7  1 9 . 8  1 6 4 . 1  6 6 .  8  6 0 . 6  7 . 9  1 3 . 5  9 3 5 . 5  
3 4 . 9  3 0 8 . 1  2 0 . 3  1 6 6 . 5  6 5 . 1  6 3 . 3  6 . 1  1 3 . 4  1 0 4 0 . 1  
3 8 . 7  3 3 4 . 1  2 3 . 4  1 8 2 . 2  7 3 . 0  6 9 . 0  7 . 8  1 4 . 5  1 0 4 7 .  3  
3 6 .  6  3 4 5 . 1  2 4 . 6  2 0 2 . 0  7 3 . 4  7 6 . 0  1 3 . 4  1 6 . 3  1 1 8 4 . 0  
4 0 . 2  3 6 5 . 7  2 5 . 7  2 1 6 . 5  7 3 . 9  8 2 . 9  1 3 . 2  1 7 . 8  1 3 1 5 . 2  
4 3 .  6  4 0 2 . 2  2 6 . 9  2 5 8 . 0  7 8 . 7  9 8 . 7  8 . 0  2 0 . 9  1 3 6 3 . 4  
4 2 . 7  4 0 7 . 5  2 7 . 0  2 6 7 . 5  7 8 . 7  1 0 1 . 7  1 2 . 0  2 1 . 1  1 3 5 2 . 4  
4 0 . 2  3 8 9 . 5  2 6 . 4  2 7 0 . 7  7 3 . 8  1 0 2 . 6  1 1 . 4  2 0 . 7  1 3 1 8 . 9  
3 7 . 0  3 5 7 . 7  2 4 . 4  2 3 5 . 1  6 5 . 6  8 6 . 4  2 4 . 4  1 7 . 5  1 2 0 7 . 3  
3 7 . 6  3 9 2 . 9  2 6 .  4  2 5 5 . 8  6 7 . 4  9 5 . 4  1 1 . 5  1 9 . 9  1 2 5 2 . 8  
r e a l  v a l u e  
e s t a t e  o f  p r o -
t a x  d u c t i o n  
472 
APPENDIX C .  ESTIMATED EQUATIONS 
The  fo l low ing  tab les  con ta in  the  resu l ts  o f  the  var ious  es t imat ion  
techn iques  tha t  were  app l ied  to  each  func t iona l  re la t ion  in  the  s imu la t ion  
mode l .  The  va r iab le  symbo ls  used  i n  these  tab les  a re  the  same as  the  
symbo ls  used  i n  the  tex t  and  a re  summar ized  i n  Tab le  10  o f  Chapte r  I I I .  
The dependent  va r iab le  i s  iden t i f i ed  i n  the  tab le  t i t l e .  The coe f f i ­
c ien t  s tandard  e r ro r  es t imates  appear  be low the  coe f f i c ien t  es t imates  i n  
paren theses .  
Abbrev ia t ions  used  i n  the  tab les  inc ludes  
EST.  TECH.  Es t imat ion  techn ique  
LS Leas t  squares  
ALS Au to regress ive  leas t  squares  
DIFF F i rs t  d i f fe rences  o f  da ta  
2SLS Two-s tage  leas t  squares  
ATS-1  F i rs t  vers ion  o f  au to regress ive  two-s tage  leas t  squares  
ATS-2  Second ve rs ion  o f  au to regress ive  two-s tage  leas t  squares  
RHO F i rs t -o rder  au tocor re la t ion  coe f f i c ien t  es t imate  
UNIT  In te rcep t  te rm 
D Durb in -Watson  d  s ta t i s t i c  
U The i l -u  s ta t i s t i c  
RSQRD Coef f i c ien t  o f  de te rmina t ion  
MSE Mean square  o f  the  equat ion  res idua ls  
TABLE C l .  FEED GRAIN ACRES PLANTED FOR GRAIN,  FG-AC,  ESTIMATED BY LEAST SQUARES 
AND AUTOREGRESSIVE LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967 ;  
INCLUDING COEFFICIENTS,  STANDARD ERRORS ( IN  PARENTHESES)  AND RELATED STA­
T ISTICS 
FG— W— FG— FG— 
EST.  PR PR AC AC 
TECH.  T -1  T-1  DIV T-1  
RHO UNIT  DU R MSE 
SQRD 
LS 0 .56  
( 0 . 2 1 )  
22.51  
(6 .63)  
-1 .  04  
( 0 . 2 1 )  
0.19  
(Oe l4 )  
123 .44  1 .98  0 .64  0 .797  61 .2  
0 .53  -20 .31  -0 .97  0 .23  -0 .10  127 .28  2 .00  0 .63  0 .796  63 .0  
(0 .22)  (7 .00)  (0 .26)  (0 .20)  (0 .28)  
TABLE C2. WHEAT ACRES PLANTED FOR GRAIN, W-AC, ESTIMATED BY LEAST SQUARES AND AUTO-
REGRESSIVE LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967; INCLUDING 
COEFFICIENTS, STANDARD ERRORS (IN PARENTHESES) AND RELATED STATISTICS 
w— w— w— 
EST.  PR ACAT AC RHO UNIT  DU R MSE 
TECH.  T -1  DUMY T -1  SORD 
LS 5 .13  
(2 .23)  
-7. 01 
(1 .72)  
0 .  47  
(O. IO)  
26 .97  1 .69  0 .69  0 .738  22 .7  
ALS 4.78 (2.86) -7 .88  (2 .30)  0 .43  (0 .17)  0. 14 (0.31) 26. 18 1. 81 0.69  0 .741  24 .4  
TABLE C3.  SOYBEAN ACRES PLANTED FOR BEANS,  S-AC,  ESTIMATED BY LEAST SQUARES AND 
AUTOREGRESSIVE LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967 ;  INCLUD 
ING COEFFICIENTS,  STANDARD ERRORS ( IN  PARENTHESES» AND RELATED STATIS­
T ICS 
S— FG— S— 
EST.  PR PR T IME AC 
TECH.  T -1  T-1  T-1  
RHO UNIT  DU R MSE 
SQRD 
LS 1 .26  -0 .08  0 .16  0 .87  
(0 .75)  (0 .04)  (0 .09)  (0 .10)  
0 .41  2 .19  0 .67  0 .989  1 .57  
ALS 1 .84  (1 .01)  
-0. 10 
(0 .05)  
0 .09  
(0 .09)  
0 .93  
(0 .10)  -0 .19  (0 .19)  
0 .98  1 .98  0 .65  0 .989  1 .61  
TABLE C4. COTTON ACRES PLANTED, C-AC, ESTIMATED BY LEAST SQUARES AND AUTOREGRES-
SIVE LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967; INCLUDING COEF­
FICIENTS, STANDARD ERRORS (IN PARENTHESES) AND RELATED STATISTICS 
C-  C-
EST.  ACAT PR T IME RHO UNIT  DUR MSE 
TECH,  T  T -1  SORD 
LS 
ALS 
-5 .29  
(1 .84)  
-5 .95  
(1 .64)  
-0 .07  
( 0 . 1 2 )  
0.04  
(0 .13)  
-0 .49  
(0 .08)  
-0 .40  
(0 .13)  
37 .03  0 .75  0 .93  0 .786  16 .2  
0.62 (0.14) 12.28  1 .96  0 .67  0 .865  9 .0  
TABLE C5. TOBACCO ACRES PLANTED, T-AC, ESTIMATED BY LEAST SQUARES AND AUTOREGRES-
SIVE LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967; INCLUDING COEF­
FICIENTS, STANDARD ERRORS (IN PARENTHESES) AND RELATED STATISTICS 
T-  T -  T -
EST.  ACAT PR T IME AC 
TECH.  T  T -1  T-1  
RHO UNIT  DU R MSE 
SQRD 
LS -0 .23  
( 0 . 1 1 )  
0.C17 
(0 .004)  
—0.010  
(0 .005)  
0 .63  
( 0 . 1 2 )  
0.17  2 .50  0 .68  0 .778  0 .02  
ALS -0.17 (0.07) 0.016 (0 .002)  -0.006 (0 .003)  0 .74  (0 .08 )  -0 .  54  (0.16) -0 .06  1 .81  0 .56  0 .815  0 .02  
TABLE C6. LIVESTOCK PURCHASES, L-LPUR, ESTIMATED BY LEAST SQUARES AND AUTOREGRES-
SIVE LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967; INCLUDING COEF­
FICIENTS, STANDARD ERRORS (IN PARENTHESES) AND RELATED STATISTICS 
FG— L— 
EST.  PROD LPUR RHO UNIT  DU R MSE 
TECH.  T -1  T -1  SQRD 
LS 4 .57  
(1 .78)  
0.86 
(0 .07)  
-205 .70  2 .43  0 .65  0 .965  19038.  
ALS 4.08 (1.80) 0.88 (0 .07)  0 .24  ( 0 . 1 8 )  -230 .99  1 .97  0.82 0.967  19458.  
TABLE C7.  L IVESTOCK YEAR END STOCK,  L -STK,  ESTIMATED BY LEAST SQUARES,  AUTOREGRES-
SIVE LEAST SQUARES,  TWO-STAGE LEAST SQUARES AND TWO-STAGE TECHNIQUES 
ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 TO 1967 ;  IN­









T -1  
RHO UNIT  D U R 
SQRD 
MSE 
LS 0 .94  
(0 .27)  
0 .59  
(0 .12)  
— 3944.40  1 .61  0 .83  0 .901  3146 30 .  
ALS 1 .44  
(0 .61)  
0 .33  
(0 .30)  
0 .42  
(0 .34)  
3738 .79  1 .83  0 .  80  0 .900  316965.  
2SLS 0 .88  
(0 .30)  
0 .61  
(0 .13)  
— 3780.90  1 .65  0 .83  0 .901  315211.  
ATS-1  0 .55  
(0 .33)  
0 .77  
(0 .15)  
— 2240.80  1 .84  0 .86  0 .895  336180.  
ATS-2  0 .60  
(0 .54)  
0 .73  
(0 .25)  
0 .36  
(0 .23)  
1691 .90  2 .26  0 .88  0 .883  374145.  
TABLE C8, FEED GRAIN YEAR END STOCK, FG-STK, ESTIMATED BY LEAST SQUARES AND AUTO-
REGPESSIVE LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967; INCLUDING 
COEFFICIENTS, STANDARD ERRORS (IN PARENTHESES) AND RELATED STATISTICS 
FG-
EST.  PROD RHO UNIT  DU R MSE 
TECH.  T -1  SQRD 
LS 
ALS 
36.  62  
(4 .39*  
41 .72  
(2 .93)  
—0.  48  
10 .15)  
525 .99  
-34 .22  
2 .70  
2 .04  
0 .99  
0.86 
0.659  
0 .723  
544460.  
449147.  
TABLE C9. WHEAT YEAR END STOCK, W-STK, ESTIMATED BY LEAST SQUARES AND AUTGREGRES-
SIVE LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967; INCLUDING COEF­
FICIENTS, STANDARD ERRORS (IN PARENTHESES) AND RELATED STATISTICS 
W— W— 
EST,  PROD STK RHO UNIT  DU R MSE 




(0 .19)  
0.17 (0.17) 
0.  54  
(0.22) 
0.63  
(0 ,23)  
-0 .14  (0 .21 )  
155.50  
121 .24  
2 .07  
1 .89  
0 .92  
0 .93  
0 .524  
0 .525  
20645,  
22000, 
TABLE CIO, SOYBEAN YEAR END STOCK, S-STK, ESTIMATED BY LEAST SQUARES AND AUTO-
REGRESSIVE LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967; INCLUDING 
COEFFICIENTS, STANDARD ERRORS (IN PARENTHESES) AND RELATED STATISTICS 
s -
EST.  PROD RHn UNIT  DUR MSE 




(0 .05)  
1.10 (0.05) -0 .09  (0 .17)  
•1 .51  
•2 .62  
2 .18  
1 . 9 8  
0.74  
0 .T4  
0 .936  
0 .935  
5667.  
5948 .  
TABLE CH. COTTON YEAR END STOCK, C-STK, ESTIMATED BY LEAST SQUARES AND AUTOREGRES-
SIVE LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967; INCLUDING COEF­
FICIENTS, STANDARD ERRORS (IN PARENTHESES) AND RELATED STATISTICS 
C-  C-
EST.  CD STK RHO UNIT  DUR MSE 
TECH.  T - i  T -1  SGRD 
LS -12 .96  
(15 .74)  
0 .37  
(0 .18)  310.37  1 .95  0 .84  0 .195  19399.  
ALS 16 .  69  
(25 .95)  
0.01 (0.30) 0.48  (0 .29)  76 .63  2 .10  0.81  0.218  16570.  
TABLE C12. TOBACCO YEAR END STOCK, T-STK, ESTIMATED BY LEAST SQUARES AND AUTO-
REGRESSIVE LEAST SQUARES WITH ANNUAL DATA FROM 1930 TD 1967; INCLUDING 
COEFFICIENTS, STANDARD ERRORS (IN PARENTHESES) AND RELATED STATISTICS 
T-  T-  T -
EST.  PROD WAR GINC STK 
TECH,  T -1  DUMY T -1  T-1  




60 .47  
(33 .86)  
-0 .  10  
(0 .07)  
0 .47  
(0 .14)  
128.21  2.45  0 .83  0 .508  3104.  
0 .04  61 .49  -0 .08  0 .64  -0 .52  73 .82  
(0 .04)  (21 .36)  (0 .05)  (0 .10)  (0 .17)  
1 .84  0 .69  0 .547  2361.  
TABLE C13.  L IVESTOCK MACHINERY PURCHASES,  L -MPUR,  ESTIMATED BY LEAST SQUARES AND 
AUTOREGRESSIVE LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967 ;  INCLUD­




POST L -  L -
WAR GINC T IME MPUR 
DUMY T -1  DUMY T -1  





53.59  0 .005  2 .36  0 .29  
(15 .92*  (0 .002)  (0 .69)  (0 .14)  
52 .26  0 .005  2 .25  0 .31  0 .002  
(17 .51)  (0 .002)  (0 .87)  (0 .20)  (0 ,238)  
0 .31  1 .99  0 .74  0 .907  514 ,  
2 .26  2 .02  0 .75  0 .899  551,  
TABLE C14.  FEED GRAIN MACHINERY PURCHASES,  FG-MPUR,  ESTIMATED BY LEAST SQUARES 
AND AUTOREGRESSIVE LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967 ;  
INCLUDING COEFFICIENTS,  STANDARD ERRORS ( IN  PARENTHESES)  AND RELATED 
STATISTICS 
POST FG-
EST.  WAR EOTY 
TECH.  DUMY T -1  
FG-
GINC RHO UNIT  D 
T -1  





(75 .34)  
284 .16  
(86 .04)  
40 .2  5  
(7 .64)  
39 .40  
( 1 0 . 6 0 )  
0.  09  
(0 .03)  
0. 10 
(0 .04)  
0 .  42  




1.  87  
0.80 
0.73  
0 .847  






TABLE CIS. WHEAT MACHINERY PURCHASES, W-MPUR, ESTIMATED BY LEAST SQUARES AND AUTO-
REGRESSIVE LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967; INCLUDING 
COEFFICIENTS, STANDARD ERRORS (IN PARENTHESES) AND RELATED STATISTICS 
POST W-  W-
EST.  WAR ÇQTY GINC RHO UNIT  OUR MSE 
TECH.  DUMY T - i  T -1  SQRD 
- —» 
LS 59 .95  
(20 .03)  
5 .39  
(2 .17)  
0 .07  
(0.02) 
3.17  1 .33  0 .83  0 .842  1094,  
ALS 37 .22  
(24 ,77)  
7 .69  
- (2 .98)  
0.05 (0.02) 0.46  ( 0 . 1 8 )  5.11  1 .99  0 .78  0.860 1008. 
TABLE C16.  SOYBEAN MACHINERY PURCHASES,  S-MPUR,  ESTIMATED BY LEAST 
AUTOREGRESSIVE LEAST SQUARES WITH ANNUAL DATA FROM 1933 
ING COEFFICIENTS,  STANDARD ERRORS ( IN  PARENTHESES)  AND 
T ICS 
SQUARES AND 
TO 1967 ;  INCLUD-
RELATED STATIS-
S- S-
EST.  GINC MPUR RHQ UNIT  D U R MSE 




\  0 .07  
1 (0 .03)  
1  
1  0 .05  
1 (0 .021  
1  
1  
0 .67  
(0 .16)  
0 .77  
(0 .15)  
-0 .25  
(0 .19)  
-1 .90  2 .35  0 .81  
-2 .42  2 .09  0 .79  
0 .967  230  
0 .966  239  
TABLE C17, COTTON MACHINERY PURCHASES, C-MPUR, ESTIMATED BY LEAST SQUARES AND AUTO-
REGRESSIVE LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967; INCLUDING 
COEFFICIENTS, STANDARD ERRORS (IN PARENTHESES) AND RELATED STATISTICS 
POST C-  US-  C-
EST.  WAR EQTY MHPI  GINC 
TECH,  DUMY T -1  T-1  T - l  
RHO UNIT  DU R MSE 
SQRD 
LS 53 .19  4 .51  -1 .14  0 .02  
(13 .65)  (1 .54)  (0 .38)  (0 .01)  
129 .a i  1 .69  0 .67  0 .811  451,  
ALS 49 .19  4 .96  
(15 .98)  (2 .25)  
-1 .22  0 .02  0 .18  
(0 .47)  (0 .02)  (0 .22)  
114 .49  1 .94  0 .68  0 .816  467 ,  
TABLE C18. TOBACCO MACHINERY PURCHASES, T-MPUR, ESTIMATED BY LEAST SQUARES AND 
AUTOREGRESSIVE LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967; INCLUD 

















(0 .98)  
3 .73  
(0 .89)  
0 .  010  
(0 .001  )  
0. 012 (0.001) 
-0 .0877  
(0 .0305)  
^0 .0003  (0.0001) -0 .24  (0 .18 )  
9.02  2 .33  0 .76  0 .802  2 .92  
•0 .97  2 .08  1 .48  0 .792  3 .22  
TABLE C19.  L IVESTOCK YEAR END MACHINERY STOCK,  L -MSTK,  ESTIMATED BY LEAST 
SQUARES,  AUTOPEGRESSIVE LEAST SQUARES,  TWO-STAGE LEAST SQUARES AND TWO-
STAGE TECHNIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 
1930 TO 1967 ,  INCLUDING COEFFICIENTS,  STANDARD ERRORS ( IN  PARENTHESES)  








T -1  




LS 1  
1  
i  
1 .21  
(0 .18)  
0 .  87  
(0 .03)  
— —  -38 .63  1 .75  0 .59  0 .989  2356.  
ALS 1  
1  
1  
1 .23  
(0 .21)  
0 .87  
(0 .03)  
0 .12  
(0 .18)  
-34 .23  2 .04  1 .03  0 .989  2505.  
2SLS 1  
1 
1  
1 .22  
(0 .19)  
0 .  87  
(0 .03)  
— —  
-37 .53  1 .75  0 .59  0 .989  2357.  
ATS-1  1  
1  
1  
1 .13  
(0 .20)  
0 .  89  
(0 .03)  
— -40 .59  1 .75  0 .60  0 .989  2378.  
ATS-2  1  
1  
1 .21  
(0 .31)  
0 .  87  
(0 .05)  
0 .  40  
(0 .20)  
-22 .16  2 .61  0 .61  0 .988  2656.  
TABLE C20.  FEED GRAIN YEAR END MACHINERY STOCK,  FG-MSTK,  ESTIMATED BY LEAST 
SQUARES,  AUTOREGRESSIVE LEAST SQUARES,  TWO-STAGE LEAST SQUARES AND TWC-
STAGE TECHNIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 
1930 TO 1967 ,  INCLUDING COEFFICIENTS,  STANDARD ERRORS ( IN  PARENTHESES)  








T -1  




LS 1  
1  
1  
0 .  86  
(0 .16)  
0 .81  
(0 .04)  
— 
-9 .62  2 .45  0 .73  0 .963  46161.  
ALS 1  
1  
1  
0 .  87  
(0 .14)  
0 .82  
(0 .04)  
-0*26  
(0 .17)  
-70 .08  2 .15  0 .70  0 .965  46357.  
2SLS 1  
1  
1  
0 .93  
(0 .17)  
0 .80  
(0 .04)  
— -18 .35  2 .43  0 .73  0 .963  46436.  
ATS-1  1  
1 
1  
0 .86  
(0 .17)  
0 .83  
(0 .05)  
— 
-54 .01  2 .  47  0 .73  0 .963  46442.  
ATS-2  1  
1  
0 .  86  
(0 .16)  
0 .83  
(0 .04)  
— 0»  07  
(0 .20)  
-73 .35  2 .41  0 .72  0 .963  47519.  
TABLE C21.  WHEAT YEAR END MACHINERY STOCK,  W-MSTK,  ESTIMATED BY LEAST SQUARES,  
AUTOREGRESSIVE LEAST SQUARES,  TWO-STAGE LEAST SQUARES AND TWO-STAGE 
TECHNIQUES ASSUMING AUTOCORPELATED ERRORS WITH ANNUAL DATA FROM 1930 









T -1  




LS 1  
1  
i  
0 .91  
(0 .30)  
0 .81  
(0 .07)  
— —  25.44  2 .34  0 .87  0 .928  9476.  
ALS 1  
1  
1  
0 .  89  
(0 .27)  
0 .83  
(0 .06)  
—0.  20  
(0 .18)  




1 .11  
(0 .33)  
0 .78  
(0 .07)  
— 17.14  2 .32  0 .88  0 .927  9602.  
ATS- Î  1  
1  
1  
0 .87  
(0 .33)  
0 .  84  
(0 .07)  
— —  9.85  2 .37  0 .87  0 .928  9535.  
ATS-2  1  
1  
0 .  86  
(0 .39)  
0 .83  
(0 .09)  
0 .11  
(0 .22)  
15 .43  2 .53  0 .89  0 .922  10596.  
TABLE C22.  SOYBEAN YEAR END MACHINERY STOCK,  S-MSTK,  ESTIMATED BY LEAST SQUARES,  
AUTOREGRESSIVE LEAST SQUARES,  TWO-STAGE LEAST SQUARES AND TWO-STAGE 
TECHNIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 







T -1  




1  0 .59  
1 (0 .47)  
1 
0 .95  
(0 .09)  
6 .  84  2 .27  0 .70  0 .988  
ALS 1  0 .66  
1 (0 .42)  
1 
0 .95  
(0 .08)  
-0 .21  
(0 .19)  
6 .26  1 .99  0 .69  0 .988  
2SLS 1  1 .20  
1 (0 .52)  
r  
0 .84  
(0 .10)  
— —  0.34  2 .27  0 .72  0 .988  
ATS-1  1  0 .34  
1 (0 .55)  
1  
1 .00  
(0 .10)  
— —  7.24  2 .23  0 .71  0 .988  
ATS-2  1  0 .31  
1 (0 .62)  
1 
1 .01  
(0 .12  )  
0 .  07  
(0 .25)  







TABLE C23,  COTTON YEAR END MACHINERY STOCK,  C-MSTK,  ESTIMATED BY LEAST SQUARES,  
AUTOREGRESSIVE LEAST SQUARES,  TWO-STAGE LEAST SQUARES AND TWO-STAGE 
TECHNIQUES ASSUMING AUTOCORRELATEO ERRORS WITH ANNUAL DATA FROM 1930 









T -1  




LS 1  
1  
1  
0 .79  
(0 .23)  
0 .69  
(0 .11  )  
—— 63.22  2 .35  0 .89  0 .776  4851.  
ALS 1  
1  
1  
0 .  83  
(0 .28)  
0 .  73  
(0 .09)  
-0 .27  
(0 .18)  
53 .29  1 .98  1 .08  0 .792  4896.  
2SLS j  
1  
4 
1 .13  
(0 .35)  
0 .64  
(0 .11)  
— 
54.33  2 .42  0 .91  0 .769  5005.  
ATS-1  1  
1  
1  
0 .  87  
(0 .36)  
0 .74  
(0 .11)  
— 35.31  2 .48  0 .90  0 .  772  4946 .  
ATS-2  \  
1  
0 .84  
(0 .38)  
0 .75  
(0 .12)  
0 .  02  
(0 .21)  
34 .89  2 .53  0 .91  0 .774  5207.  
TABLE C24.  TOBACCO YEAR END MACHINERY STOCK,  T -MSTK,  ESTIMATED BY LEAST SQUARES,  
AUTOREGPESSIVE LEAST SQUARES,  TWO-STAGE LEAST SQUARES AND TWO-STAGE 
TECHNIQUES ASSUMING AUTOCORRELAT ED ERRORS WITH ANNUAL DATA FROM 1930 
TO 1967 ,  INCLUDING COEFFICIENTS,  STANDARD ERRORS ( IN  PARENTHESES)  AND 
RELATED STATISTICS 
T— T— 
EST.  MPUR MSTK RHO UNIT  DUR MSE 
TECH.  T  T -1  SQRD 
1 
LS I  0 .83  0 .88  — 8 .25  2 .07  0 .97  0 .880  218  
1 (0 .93)  (0 .08)  
I 
ALS I  0.67 0.88  -0 .07  11 .44  1 .94  0 .95  0 .885  208  
1 ( 0 .  8 8 )  ( 0 . 0 8 )  ( 0 . 1 8 )  
I 
2SLS I  1 .85  0 .83  — 7 .13  2 .18  0 .99  0 .875  225  
1 (1 .03)  (0 .08)  
I 
ATS-1  I  1 .30  0 .89  — 4 .43  2 .18  0 .98  0 .878  221  
1 (1 .04)  (0 .09)  
I 
ATS-2  I 0.90  0 .89  0 .21  5 .88  2 .48  1 .00  0 .871  243 
1 (1 .33)  (0 .12)  (0 .21)  
I 
I 
TABLE C25. FEED GRAIN PRICE OF LAND, FG-PRLA, ESTIMATED BY LEAST SQUARES AND AUTC-
REGPESSIVE LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967; INCLUDING 





T -1  
FG-
PRLA 
T -1  






(0 .49)  
1 .48  
(0 .58)  
0 .64  
( 0 . 1 2 )  
0.74  
(0 .15)  
-0.23 (0.21) 
-142 .33  
-144 .03  
2 .23  
2 .07  
0 .75  
0 .74  
0 .964  
0 .967  
96 .7  
99 .8  
TABLE C26. WHEAT PRICE OF LAND, W-PRLA, ESTIMATED BY LEAST SQUARES AND AUTOREGRES-
SIVE LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967; INCLUDING COEF­
FICIENTS, STANDARD ERRORS (IN PARENTHESES) AND RELATED STATISTICS 
W— W— 
EST.  FMSZ PRLA RHO UNIT  DU R MSE 




(0 .33)  
1.24 (0.34) 
0.54  
(0 .13)  
0 .55  
<0 .14)  
—0.  33  
( 0 . 2 1 )  
-61*54  





0 .864  
0 .910  
166,  
126 ,  
TABLE C27. SOYBEAN PRICE OF LAND, S-PRLA, ESTIMATED BY LEAST SQUARES AND AUTO-
REGRESSIVE LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967; INCLUDING 
COEFFICIENTS, STANDARD ERRORS (IN PARENTHESES) AND RELATED STATISTICS 
S— S ' ­
EST,  GINC PRLA RHO UNIT  OUR M SE 
TECH.  T -1  T -1  SQRD 
LS 0 .025  (0.008) 0.71  (0.11) 1 9 . 9 4  2.31  0 .87  0 .937  86 .2  
ALS 0.021 (0.008) 0.78  ( 0 . 1 1 )  -0 .28  ( 0 . 2 0 )  18.48  2 .08  0 .84  0 .941  86 .7  
tab le  c28 .  co t ton  pr ice  o f  l and ,  c -pr la ,  e s t imated  by  l eas t  squares  and  autoregres -
s ive  l eas t  squares  wi th  annua l  da ta  from 1930  to  1967;  inc lud ing  coe f ­
f i c i ent s ,  s tandard  errors  ( in  parentheses )  and  re la ted  s ta t i s t i c s  
c— c— 
e s t .  g inc  pr la  rho  un i t  du  r mse  
t ech .  t -1  t -1  sqrd  
I 
l s  I 0 .006 0.96 — -5.20 1.67 0.94 0.938 132 
1(0.004) (0.04) 
I 
a l s  i  0 .007  0 .95  0 .14  -3 .63  1 .85  0 .93  0 .937  141  
1 (0 .0051  (0 .061  (0 .21 )  
I 
I 
tab le  c29 .  tobacco  pr ice  o f  l and ,  t -pp . la ,  e s t imated  by  l eas t  squares  and  auto -
regress ive  l eas t  squares  wi th  annua l  data  f rom 1930  tq  1967;  inc lud ing  
coe f f i c i ent s ,  s tandard  errors  ( in  parentheses»  and  re la ted  s ta t i s t i c s  
t -  t -
es t .  fmsz  g inc  
t ech .  t -1  t -1  
t— 
pr la  rho  un i t  
t -1  
du  r mse  
sqrd  
l s  
a l s  
0 .12  ( 0 .06 )  
0.11 (0 .06 )  
0 .009  
(0 .005)  
0.010 (0.005) 
0 .91  
(0 .07 )  
0.92 (0.07) 
-9 .  32  2 .27  
-0.17 (0.19) -11 .19  1 .98  
0.82 
0.80 
0 .972  
0 .972  
54 .6  
57 .  2  
tab le  c30 .  l i ves tock  va lue  o f  l and  and  bu i ld ings ,  l -va la ,  e s t imated  by  l eas t  
squares  and  aut0re6ress ive  l eas t  squares  wi th  annua l  da ta  from 1930  to  
1967;  inc lud ing  coe f f i c i ent s ,  s tandard  errors  ( in  parentheses )  and  re ­




GINC TIME VALA 
T-1 DUMY T-l  





0.10 116.64 0.89 
(0.16) (89.07) (0.09) 
0.10 108.01 0.92 
(0.09) (63.45) (0.06) 
—0. 60 
(0.15) 
1238.60 2.96 0.86 0.950 4345900. 
16.63 1.89 0.67 0.971 2869494. 
tab le  c31 .  f eed  gra in  va lue  o f  land  and  bu i ld ings ,  fg -va la ,  e s t imated  by  l eas t  
squares ,  autoregress ive  l eas t  squares ,  two-s tage  l eas t  squares  and  two-
s tage  t echn iques  assuming  autocorre la ted  errors  wi th  annua l  da ta  from 
1930  to  1967 ,  inc lud ing  coe f f i c i ent s ,  s tandard  errors  ( in  parentheses )  
and  re la ted  s ta t i s t i c s  
e s t .  
t ech .  
fg -
pr la  
*ac  
rho  un i t  u  r  
sqrd  
mse  
l s  
a l s  
2 s l s  
a t s -1  
a t s -2  
0 .9194  
(0 .0002)  
0 .9195  
(0 .0009)  
0 .9193  
(0 .0002)  
0 .9194  (0.0002) 
0 .9163  
(0 .0006)  
0 .449  
(0 .137)  
-0 .152  
(0 .003)  
-1*06 
-1 .04  
0.02 
-0 .  48  
48 .08  
1 .89  
2 .49  
1 .89  
1 .90  
0 .39  
0 .003  
0 .004  
0 .003  
0 .003  
0 .009  
0 .999  
0 .999  
0 .999  
0 .999  






tab le  c32 .  wheat  va lue  o f  land  and  bu i ld ings ,  w-va la ,  e s t imated  by  l eas t  squares ,  
autoregress ive  l eas t  squares ,  two-s tage  l eas t  squares  and  two-s tage  
t echn iques  assuming  autocorre la ted  errors  wi th  annua l  da ta  from 1930  
to  1967 ,  inc lud ing  coe f f i c i ent s ,  s tandard  errors  ( in  parentheses»  and  
re la ted  s ta t i s t i c s  
e s t .  
t ech .  
w-
pr la  
*ac  
rho  un i t  d  u  R 
sqrd  
u c c  
l s  
a l s  
2 s l s  
a t s -1  
a t s -2  
0.6802 
(0 .0003)  
0.6810 
(0 .0005)  
0.6801 
(0 .0003)  
0. 6801 
(0 .0003)  
0 .6824  
(0 .0005)  
1.208 
(0 .159)  
-0 .178  (0 .002)  
1 .90  
0 .64  
2 .78  
2 .92  
•14 .39  
2 .41  
2 .92  
2 .42  
2 .43  
0 .73  
0 .004  
0 .007  
0 .004  
0 .004  
0 .007  
0 .999  
0 .999  
0 .999  
0 .999  





29 .7  
tab le  c33 .  soybean  va lue  o f  land  and  bu i ld ings»  s -va la ,  e s t imated  by  l eas t  
squares ,  autoregress ive  l eas t  squares ,  two-s tage  l eas t  squares  and  two-
s tage  t echn iques  assuming  autocorre la ted  errors  wi th  annua l  da ta  from 
1930  to  1967 ,  inc lud ing  coe f f i c i ent s ,  s tandard  errors  ( in  parentheses )  
and  re la ted  s ta t i s t i c s  
e s t .  
t ech .  
s -
pr la  
*ac  
rho  un i t  u  r  
sqrd  
m s e  
l s  
a l s  
2 s l s  
a t s -1  
a t s -2  
0 .8935  
(0 ,00021  
0 .8935  
(0 .0001  j  
0 .8935  
(0 .0002)  
0 .8935  
(0. 0002) 
0 .8937  
(  0 .0002) 
—0.666 
(0 .058*  
-0 .050  
(0 .004)  
0 .43  
0 .57  
0 .38  
0 .39  
0 .07  
1.  81 
0 .98  
1.81 
1.81 






0 .  998  
0 .999  
0 .  998  
0 ,  999  
0 .999  
8 .43  
0 .92  
8 .43  
8 .43  
9 .19  
tab le  c34 .  co t ton  va lue  o f  l and  and  bu i ld ings ,  c -va la ,  e s t imated  by  l eas t  
squares»  autoregress ive  l eas t  squares ,  two-s tage  l eas t  squares  and  two-
s tage  t echniques  assuming  autocorre la ted  errors  wi th  annua l  da ta  from 
1930  to  1967 ,  inc lud ing  coe f f i c i ent s ,  s tandard  errors  ( in  parentheses )  
and  re la ted  s ta t i s t i c s  
e s t .  
t ech .  
c -
pr la  
*ac  
rhc  un i t  u  r  
sqrd  
mse  
2 .056  
(0 .003)  
2 .054  
(0 .005)  
2 .057  
(0 .004)  
2 .057  
(0 .003)  
2.062 
(0 .003)  
0.120 
(0 .175)  
-0 .  097  
(0 .004)  
5 .66  
8.18  
3 .34  
4 .29  
-9 .17  
1 .95  
2 .25  
1 .97  
1 .97  






0 .999  
0 .999  
0 .999  
0 .999  
0 .999  
76 .  
189 .  
77 .  
76 .  
97 .  
tab le  c35 .  tobacco  va lu f  o f  l and  and  bu i ld ings ,  t -va la ,  e s t imated  by  l eas t  
squares ,  autppegress ive  l eas t  squares ,  two-s tage  l eas t  squares  and  two-
s tage  t echniques  as suming  autocorre la ted  errors  wi th  annua l  da ta  from 
1930  to  1967 ,  inc lud ing  coe f f i c i ent s ,  s tandard  errors  ( in  parentheses )  
and  re la ted  s ta t i s t i c s  
e s t .  
t ech .  
t -
pr la  
*ac  
rho  un i t  d  u  r  
sqrd  
m s e  
l s  
2s l s  
a t s -1  
a t s -2  
11 .  14  (0 .00)  
11 .14  (0 .00)  
11 .14  
(o .oo )  
10 .73  
( 0 . 0 8 )  0.26  (0 .01 )  
0 .91  
0 .54  
0 .98  
49 .12  
2 .13  
2 .13  
2 .13  




0 .05  
0 .999  
0 .999  
0 .999  
0 .999  
1 .  
1 .  
1 .  
163 .  
tab le  c36 .  f eed  gra in  f er t i l i zer  and  l ime  demand,  f g - f er t ,  e s t imated  by  l eas t  
squares ,  autoregress ive  l eas t  squares ,  two-s tage  l fa s t  squares  and  two-
s tage  techniques  assuming  autocorre la ted  errors  wi th  annual  data  FROM 
1930  to  1967 ,  inc lud ing  coe f f i c i ent s ,  s tandard  errors  ( in  parentheses )  
and  re la ted  s ta t i s t i c s  
e s t .  
t e c h .  
f g -
s p a  
t  
u s -
f t p i  
t - 1  
t m 6 1  
f g -
f e r t  
t - 1  
r h o  u n i t  d  u  r  
s q r d  
m s e  
l s  1  0 . 0 0 8  
\  ( 0 . 0 0 3 )  
- 1 . 4 8  
( 0 . 6 8 )  
3 6 . 3 1  
( 7 . 6 3 )  
0 . 7 7  
( 0 . 0 9 )  
— 8 4 . 6 4  2 . 1 1  0 .  3 9  0 . 9 9 5  8 2 5 .  
a l s  1  0 . 0 0 8  
1  ( 0 . 0 0 4 )  
— i .  1 6  
( 0 . 7 8 )  
3 4 . 5  8  
( 8 . 7 4 )  
0 . 7 9  
( 0 . 1 1 )  
— 0 . 0 7  
( 0 . 2 1 )  
4 7 . 3 6  2 . 0 6  0 .  3 8  0 . 9 9 5  8 8 1 .  
2 s l s  1  0 . 0 0 5  
1  ( 0 . 0 0 4 )  
- 1 . 3 2  
( 0 . 7 0 )  
3 0 . 6 7  
( 8 . 0 8 )  
0 .  8 6  
( 0 . 1 1 )  
— 1 1 4 . 4 6  2 . 3 3  0 .  4 0  0 . 9 9 5  8 6 4 .  
a t s - 1  1  - 0 . 0 0 3  
1  ( 0 . 0 0 5 )  
- 0 . 4 4  
( 0 . 9 0 )  
1 3 . 2 0  
( 1 0 . 9 0 )  
1 . 1 0  
( 0 . 1 4 )  
— 1 0 6 . 7 0  2 . 5 7  0 .  4 8  0 . 9 9 3  1 2 4 8 .  
a t s - 2  i  - 0 . 0 0 3  
1  ( 0 . 0 0 5 )  
- 0 . 4 9  
( 1 . 0 1 )  
1 3 . 4 8  
( 1 2 . 0 8 )  
1 . 1 0  
( 0 . 1 5 )  
0 . 0 2  
( 0 . 2 5 )  
1 1 1 . 6 1  2 . 5 9  0 .  4 8  0 . 9 9 3  1 3 4 4 .  
TABLE C37. WHEAT FERTILIZER and  LIME demand,  W-FERT, ESTIMATED BY LEAST SQUARES, 
AUTCREGPESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE 
TECHNIQUES ASSUMING AUTOCORRELATEO ERRORS WITH ANNUAL DATA FROM 1930 





SPA FTPI TM61 FERT 
T T-1 T-1 
0.006 -0.75 9.16 0.58 
(0.003) (0.32) (2.56) (0.13) 
0.007 -0.61 8.50 0.62 
(0.004) (0.46) (3.32) (0.17) 
0.004 -0.83 9.14 0.60 
(0.004) (0.23) (2.59) (0.13) 
0.004 -0.49 6.92 0.76 
(0.004) (0.35) (2.74) (0.14) 
0.003 -0.45 6.02 0.80 
(0.003) (0.36) (2.74) (0.14) 












77.11 1.90 0.68 0.970 203. 
59.23 1.91 0.67 0.969 221. 
95.95 1.96 0.68 0.969 206. 
52.90 2.14 0.70 0.968 217. 
58.33 2.04 0.70 0.967 229. 
tab le  c38 ,  soybean  f er t i l i zer  and  l ime  demand,  s - f er t ,  e s t imated  by  l eas t  
squares ,  autoregress ive  l eas t  squares ,  two-s tage  l eas t  squares  and  two-
s tage  t echniques  as suming  autocorre la ted  errors  wi th  annua l  da ta  from 
1930  to  1967 ,  inc lud ing  coe f f i c i ent s ,  s tandard  errors  ( in  parentheses )  
and  re la ted  s ta t i s t i c s  
e s t .  





g inc  
t -1  
t ime  
s -
t ime  f er t  
**2  t -1  




l s  1 
1 
1 
0 .004  
(0 .001)  
0 .0012  
(0 .0019)  
0 .00  
(0 .131  
-0 .02  0 .95  
(  0 .00 )  (0 .09 )  
— —  -0 .32  1 .90  0 .  22  0 .  999  0 .87  
a l s  1 
1 
1 
0 .004  
(0 .001)  
0 .0013  
(0 .0023)  
-0 .  03  
(  0 .20 )  
-0 .01  0 .94  0 .05  
(  0 .01 )  (0 .10 )  (0 .19 )  
-0 .11  1 .96  0 .  22  0 .998  0 .96  
2s l s  1 
1 1 
0 .  005  
(0 .002)  
— 0.0000  
(0 .0019)  
0 .07  
(0 .13 )  
-0 .02  0 .90  
(0 .01 )10 .13 )  
— —  
—0.70  1 .61  0 .  23  0 .  998  0 .97  
a t s -1  1 
1 1 
0 .002  
(0 .002)  
0 .  0009  
(0 .0021)  
0 .11  
(0 .15 )  
-0 .01  1 .12  
(0 .01 ) (0 .16 )  
— -0 .  62  2 .23  0 .  23  0 .998  0 .99  




0 .001  
(0 .0031  
0 .  0008  
(0 .0040)  
0 .20  
(0 .37 )  
-0 .01  1 .24  0 .33  
(0 .01 ) (0 .  29 )  (0 .27 )  
—0.67  2 .76  0 .  29  0 .997  1 .65  
tab le  c39 .  co t ton  f er t i l i zer  and  l ime  demand,  c - f ept ,  e s t imated  by  l eas t  squares ,  
autoregress ive  LEAST squares ,  two-s tage  l eas t  squares  and  two-s tage  
t echn iques  assuming  autocorre la ted  errors  wi th  annua l  da ta  from 1930  
to  1967 ,  inc lud ing  coe f f i c i ent s ,  s tandard  errors  ( in  parentheses  i  and  
re la ted  s ta t i s t i c s  
e s t .  






t -1  
tm61  
c -
f er t  
t -1  
rho  u n i t  0 u  r  
sqrd  
m s e  
1 
l s  1 
\ 
1 
0 .014  
(0 .003)  
-1 .25  
(0 .22 )  
-3 .53  
(1 .78 )  
0 .46  
<0 .10)  
— 115 .07  1 .36  0 .60  0 .940  201 .  
a l s  1 
1 1 
0 .017  
(0 .0031  
-1 .32  
(0 .35 )  
-2 .02  
(2 .66 )  
0 .30  
(0 .11 )  
0 .51  
(0 .19 )  
61 .31  1 .90  0 .70  0 .952  174 .  
2 s l s  1 
1 1 
0 .008  
(0 .003)  
-0 .87  
(0 .23 )  
-5 .16  
(1 .96 )  
0 .69  
(0 .11 )  
—— 86 .  76  1 .87  t ) . 66  0 .928  244 .  
a t s -1  1 
1  
0 . 010  
(0 .004)  
-0 .92  
(0 .28 )  
-3 .83  
(1 .97 )  
0 .62  
(0 .14 )  
— — 86 .32  1 .71  0 .63  0 .933  224 .  
a t s -2  \  
1  
0 . 010  
(0 .004)  
-1 .27  
(0 .44 )  
-4 .82  
(3 .53 )  
0 .46  
(0 .18 )  
0 .51  
(0 .16 )  
67 .29  2 .29  0 .61  0 .937  223 .  
tab le  c40 .  tobacco  f er t i l i zer  and  l ime  demand,  t - f er t ,  e s t imated  by  l eas t  
squares ,  autoregress ive  l eas t  squares ,  two-s tage  l eas t  squares  and  two-
s tage  t echniques  as suming  autocorre la ted  errors  wi th  annua l  da ta  from 
1930  to  1967 ,  inc lud ing  coe f f i c i ent s ,  s tandard  errors  ( in  parentheses»  
and  re la ted  s ta t i s t i c s  
e s t .  
t ech .  
us - t - t -
f tp i  g inc  spa  
t -1  t -1  t  
-0 .37  0 .  014  0 .010  
(0 .03 )  (0 .002)  (0 .001)  
-0 .37  0 .  013  0 .011  
(0 .04 )  (0 .003)  (0 .002)  
-0 .33  0 .  021  0 .  008  
t o . 0 3 )  (0 .002)  (0 .002)  
-0 .35  0 .  016  0 .010  
(0 .03 )  (0 .003)  (0 .001)  
-0 .37  0 .016  0 .  009  
(0 .05 )  (0 .004)  (0 .002)  
rho  un i t  u  R 
sqrd  
mse  
l s  
f l s  
2s l s  
a t s -1  
a t s -2  
0 .35  
( 0 . 1 8 )  
0 .34  (0.10) 
43 .74  
27 .64  
39 .20  
41 .01  
29 .  06  
1 .48  
1 .90  
1 .54  
1 .51  
2.06 
0 .45  
0 .44  
0 .50  
0 .46  
0 .45  
0 .981  
0 .982  
0 .977  
0 .981  
0 .981  
4 .40  
4 .26  
5 .33  
4 .51  
4 .53  
tab le  c41 .  f eed  gra in  seed  demand,  f g - seed ,  e s t imated  by  l eas t  squares ,  autoregres -
s ive  l eas t  squares ,  two-s tage  l eas t  squares  and  two-s tage  t echn iques  
assuming  autccorre la ted  errors  wi th  annua l  data  from 1930  to  1967 ,  
inc lud ing  coe f f i c i ent s ,  s tandard  errors  ( in  parentheses )  and  re la ted  
s ta t i s t i c s  
e s t .  




t ime  
** .  5  
f g -
seed  
t -1  
rho  un i t  0  u  r  
sqrd  
mse  
l s  0 .52  
10 .20 )  
9 .39  
(3 .52 )  
0 .66  
(0 .11 )  
— -39 .01  2 .52  0 .87  0 .896  115 .  
a l s  0 .88  
(0 .18 )  
14 .80  
(3 .33 )  
0 .57  
(0 .09 )  
—0.  48  
(0 .16 )  
-135 .31  1 .97  0 .77  0 .910  99 .  
2 s l s  0 .72  
(0 .27 )  
11 .43  
(4 .09 )  
0 .64  
(0 .12 )  
— 
-69 .01  2 .73  0 .89  0 .892  119 .  
a t s -1  0 .47  
(0 .30 )  
6 .  80  
(4 .98 )  
0 .78  
(0 .15 )  
— 
-44 .63  2 .60  0 .89  0 .892  119 .  
a t s -2  0 .59  
(0 .37 )  
9 .72  
(6 .61 )  
0 .71  
(0 .19 )  
0 .  06  
(0 .23 )  
-55 .48  2 .85  0 .89  0 .886  127 .  
TABLE C42. WHEAT SEED DEMAND, W-SEED, ESTIMATED BY LEAST SQUARES, AUTOREGRESSIVE 
LEAST SQUARES, TWO-STAGE LEAST SQUARES AMD TWO-STAGE TECHNIQUES ASSUM­
ING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 TO 1967; INCLUD­










TIME RHO UNIT D U R 
SQRD 
MSE 






—— 16.52 2.15 0.40 0.892 49.1 








17.06 1.91 0.39 0.895 50.2 






— 19.70 1.52 0,46 0.855 66.1 






— 17.09 2.01 0.40 0.889 50.4 








18.20 1.69 0.40 0.892 51.4 
tab le  c43 .  soybean  seed  demand,  s - seed ,  e s t imated  by  l eas t  squares ,  autoregres -
s ive  l eas t  squares ,  two-s tage  l eas t  squares  and  two-s tage  t echn iques  
as suming  autocorre la teo  errors  wi th  annua l  data  from 193c  to  1967 ,  
inc lud ing  coe f f i c i ent s ,  s tandard  errors  ( in  parentheses )  and  re la ted  
s ta t i s t i c s  
e s t .  






t -1  
rho  un i t  d  u  r  
sqrd  
m s e  
l s  1 3 .29  
1 ( 0 .26 )  
g .16  
(0 .07 )  
— — 1 .05  1 .51  0 .31  0 .997  4 .94  
a l s  1 3 .37  
1 ( 0 .28 )  
0 .14  
(0 .08 )  
0 .22  
(0 .20 )  
0 .  86  1 .87  0 .30  0 .997  5 .11  
2 s l s  1 3 .35  
1 ( 0 .33 )  
0 .14  
(0 .09 )  
— 1 .05  1 .50  0 .31  0 .997  4 .94  
a t s -1  1 2 .94  
1 ( 0 .36 )  
0 .25  
(0 .10 )  
— 1 .00  1 .62  0 .31  0 .997  5 .18  
a t s -2  1 2 .94  
1 ( 0 .40 )  
0 .26  
(0 ,11 )  
0 .  06  
(0 .14 )  
1 .00  1 .73  0 .31  0 .997  5 .39  
tab le  c44 .  co t ton  seed  demand,  c - seed ,  e s t imated  by  l eas t  squares ,  autoregress ive  
l eas t  squares ,  two-s tage  l eas t  squares  and  two-s tage  t echn iques  assum­
ing  autocorre la ted  errors  wi th  annua l  data  FROM 1930 T3 1967; inc lud­
ing  coe f f i c i ent s ,  s tandard  errors  < in  parentheses )  and  re la ted  s ta t i s ­
t i c s  
e s t .  






t -1  
c -
seed  
t -1  




l s  1 
1  
1  
1 . 64  
(0 .14 )  
-0 .15  
(0 .03 )  
0 .35  
(0 .05 )  
— 2 .45  1 .91  0 .42  0 .976  11 .9  
a l s  1 
1  
1  
1 . 43  
(0 .14 )  
-0 .14  
(0 .03 )  
0 .40  
(0 .06 )  
-0 .30  
(0 .19 )  
5 .44  1 .82  0 .38  0 .973  10 .0  
2 s l s  f  
1  
1  
1 . 64  
(0 .19 )  
-0 .12  
(0 .02 )  
0 .35  
(0 .07 )  
— 0 .60  1 .88  0 .42  0 .975  12 .3  
a t s -1  1 
1  1  
1 . 39  
(0 .22 )  
-0 .11  
(0 .04 )  
0 .45  
(0 .08 )  
0 .62  2 .40  0 .44  0 .973  13 .2  
a t s -2  1 
1  
1 . 19  
(0 .19 )  
-0 .10  
(0 .04 )  
0 .50  
(0 .07 )  
-0 .20  
(0 .14 )  
1 .92  2 .50  0 .40  0 .973  11 .7  
TABLE C45. LIVESTOCK FEED PURCHASES, L-FEED, ESTIMATED BY LEAST SQUARES AND AUTO-
REGRESSIVE LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967; INCLUDING 
COEFFICIENTS, STANDARD ERRORS (IN PARENTHESES) AND RELATED STATISTICS 
l— l— 
e s t .  lpu  f eed  rho  un i t  du  r mse  
t ech .  t -1  t -1  sqrd  
LS 
ALS 
9 .19  
(4 .38 )  
9.16 (4.45) 
0 .89  
(0 .07 )  
0. 88 (0.07) 0.03 (0.17) 
-1063 .50  
-975 .28  
1 .90  
2 .04  
0.81 
0 .79  
0 .983  
0 .983  
61359 ,  
60799 ,  
tab le  c46 .  l i ves tock  labor  man-hour  requ irements ,  l - l abr ,  e s t imated  by  l eas t  
squares  and  autoregress ive  l eas t  squares  wi th  annua l  da ta  from 1930  to  
1967;  inc lud ing  coe f f i c i ent s ,  s tandard  errors  ( in  parentheses )  and  re ­
la ted  s ta t i s t i c s  
l— l— 
e s t .  lpu  t ime  labr  rho  un i t  dur  mse 
t ech .  t -1  t -1  sqrd  
LS 
ALS 
5 .24  
( 1 . 8 2 1  
12 .52  
(2 .04 )  
-25 .89  
(5 .46 )  
-242 .59  
(111 .09 )  
0*93  
(0 .04 )  
0.20 
(0 .12)  
0 .95  
(0 .04 )  
123 .68  
498 .  05  
1.09 
2.02 
0 .65  
0 .44  
0 .989  
0 .995  
15166 ,  
7350 ,  
tab le  c47 .  f eed  gra in  labor  man-hour  requ irements ,  f g - labr ,  e s t imated  by  l eas t  
squares ,  autoregress ive  l eas t  squares ,  two-s tage  l eas t  squares  and  two  
s tage  t echniques  assuming .  autocorre la ted  errors  wi th  annua l  da ta  from 
1930  to  1967 ,  inc lud ing  coe f f i c i ent s ,  s tandard  errors  ( in  parentheses )  
and  re la ted  s ta t i s t i c s  
e s t ,  






ave .  
t ime  rho  un i t  d  u  r  
sqrd  
m s e  
1 
l s  1 
1  
1  
16 .32  
(2 .94 )  
-0 .  30  
(0 .05 )  
-40 .  22  
(7 .03 )  
— —  1298 .90  0 .86  0 .58  0 .971  28430 .  
a l s  1 
1  
1  
21 .24  
(2 .29 )  
-0 .24  
(0 .10 )  
-35 .46  
(12 .36 )  
0 .  74  
(0 .13 )  
105 .89  1 .95  0 .45  0 .982  17925 .  
2 s l s  1 
1  
1  
12 .43  
(4 .17 )  
-0 .29  
(0 .06 )  
-44 .93  
(8 .69 )  
— 1888 .  5 ,0  1 .09  0 .60  0 .969  30188 .  
a t s -1  1 
1  
1  
13 .14  
(3 .92 )  
-0 .  28  
(0 .06 )  
-45 .18  
(8 .33 )  
— 1761 .90  1 .04  0 .59  0 .970  29439 .  
a t s -2  1 
1  
14 .11  
(4 .34 )  
-0 .28  
(0 .07 )  
-43 .98  
(9 .99 )  
0 .  18  
(0 .14 )  
1317 .36  1 .26  0 .54  0 .974  26201 .  
tab le  c48 .  wheat  l abor  man-hour  requ irements ,  w- labr ,  e s t imated  by  l eas t  squares ,  
autoregpess ive  l eas t  squares ,  two-s tage  l eas t  squares  and  two-s tage  
t echn iques  assuming  autocorre la ted  errors  wi th  annua l  da ta  from 1930  
to  1967 ,  inc lud ing  coe f f i c i ent s ,  s tandard  errors  ( in  parentheses )  and  
re la ted  s ta t i s t i c s  
e s t .  






ave .  
t ime  rho  un i t  d  u  r  
sqrd  
mse  
l s  1 6 .01  
1 ( - 0 .69 )  
-0 .14  
(0 .04 )  
-7 .27  
(1 .20 )  
— 234 .31  1 .14  0 .55  0 .983  835 .  
a l s  1 6 .48  
1 ( 0 .71 )  
-0 .17  
(0 .  04 )  
-5 .86  
(1 .49 )  
0 .34  
(0 .14 )  
130 .23  2 .02  0 .45  0 .975  595 .  
2 s l s  1 4 .86  
1 ( 2 .52 )  
- o . l l  
(1 .15 )  
-8 .37  
(3 .80 )  
—— 299 .71  0 .16  1 .52  0 .740  6380 .  
a t s -1  1 5 .91  
1 ( 0 .78 )  
-0 .14  
(0 .04 )  
-7 .41  
(1 .28 )  
— 239 .52  1 .14  0 .55  0 .966  835 .  
a t s -2  1 6 .25  
1 ( 0 .75 )  
-0 .17  
(0 .04 )  
-6 .  18  
(1 .38 )  
0 .17  
(0 .12 )  
177 .08  1 .71  0 .46  0 .974  621 .  
tab le  c49 .  soybean  labor  man-hour  requ irements ,  s - labr ,  e s t imated  by  l eas t  
squares ,  autoregress ive  l eas t  squares ,  two-s tage  l eas t  squares  and  two-
s tage  t echniques  as suming  autocorre la teo  errors  wi th  annua l  da ta  from 
1930  to  1967 ,  inc lud ing  coe f f i c i ent s ,  s tandard  errors  ( in  parentheses»  
and  re la ted  s ta t i s t i c s  
e s t .  




t ime  
s -
labr  
t -1  




l s  \  
1  
1  
2 . 00  
(0 .57 )  
—0.  65  
(0 ,58 )  
0 .704  
(0 .103)  
— 12 .74  1 .66  0 .  74  0 .970  75 .2  
a l s  1 
1  
1  
7 . 18  
(0 .54 )  
-8 .64  
(5 .81 )  
0 .007  
(0 .069)  
0 .95  
(0 .05 )  
12 .96  1 .86  0 .33  0 .993  16 .7  
2 s l s  \  
1  
1  
1 . 52  
(0 .61 )  
-0 .28  
(0 .60 )  
0 .728  
(0 .105)  
— —  10 .50  1 .81  0 .75  0 .969  76 .8  
a t s -1  1 
1  
1  
1 . 50  
(0 .61 )  
-0 .61  
(0 .60 )  
0 .816  
(0 .112)  
— 9 .  88  1 .97  0 .76  0 .968  78 .5  
a t s -2  1 
1  
6 . 98  
(0 .  87 )  
—5.68  
(1 .98 )  
0 .185  
(0 .114)  
0 .  89  
(0 .05 )  
10 .87  2 .01  0 .38  0 .991  21 .6  
tab le  c50 .  co t ton  labor  man-hour  requ irements ,  c - labr ,  e s t imated  by  l eas t  
squares ,  autoregress ive  l eas t  squares ,  two-s tage  l eas t  squares  and  two-
s tage  t echniques  as suming  autocorre la ted  errors  wi th  annua l  da ta  from 
1930  to  1967 ,  inc lud ing  coe f f i c i ent s ,  s tandard  errors  ( in  parentheses»  
and  re la ted  s ta t i s t i c s  
e s t .  






ave .  
t ime  rho  un i t  d  u  r  
sqrd  
m s e  
1 
l s  4  
1 
1  
69 .24  
(8 .41 )  
-0 .78  
(0 .29 )  
-37 .35  
(6 .98 )  
— 1264 .90  1 .71  0 .44  0 .974  28889 .  
a l s  1 
1  
1  
71 .86  
(9 .531  
-0 .81  
(0 .34 )  
-35 .85  
(7 .72 )  
0 .  15  1007 .75  1 .80  0 .43  0 .971  29941 .  
2 s l s  1 
1  
1  
64 .69  
(11 .08 )  
-0 .  60  
(0 .33 )  
-41 .23  
(8 .78 )  
— 1364 .90  1 .73  0 .44  0 .973  29239 .  
a t s -1  1 
1  
1  
71 .77  
(9 .92 )  
-0 .80  
(0 .31 )  
-35 .64  
(7 .99 )  
— 1180 .80  1 .69  0 .  44  0 .973  28995 .  
a t s -2  1 
1  
71 ,95  
(10 .45 )  
-0 .79  
(0 .31 )  
-35 .78  
(8 .07 )  
-0 .08  1279 .25  1 .41  0 .44  0 .969  31687 .  
tab le  c51 ,  tobacco  labor  man-hour  requ irements ,  t - l abr ,  e s t imated  by  l eas t  
squares ,  autoregress ive  l eas t  squares ,  two-s tage  l eas t  squares  and  two-
s tage  t echniques  as suming  autocorre la ted  errors  wi th  annua l  data  from 
1930  to  1967 ,  inc lud ing  coe f f i c i ent s ,  s tandard  errors  ( in  parentheses )  
and  re la ted  s ta t i s t i c s  
e s t ,  




rho  un i t  u  r  
sqrd  
m s e  
l s  
a l s  
2 s l s  
a t s -1  
a t s -2  
355 .25  
(29 .00 )  
462 .13  
(15 .67 )  
327 .20  
(33 .27 )  
334 .19  
(31 .12 )  
374 .65  
(31 .14 )  
0 .87  
(0 .05 )  
0 .43  
( 0 . 0 8 )  
132 .41  
2 .  56  
173 .93  
163 .58  
62 .36  
0 .31  
2 . 2 8  
0 .40  
0 .37  
0 .95  
0 .54  
0.18 
0 .55  
0 .54  
0 .33  
0.806 
0 .977  
0.801 
0 .804  
0 .925  
3152 .  
381 .  
3233 .  
3198 .  
1258 .  
tab le  c52 .  l i ves tock  machinery  expense ,  l -mach ,  e s t imated  by  l eas t  squares ,  autore -
6ress ive  l eas t  squares ,  two-s tage  l eas t  squares  and  two-s tage  t ech­
n iques  assuming  autocorre la ted  errors  wi th  annua l  data  f rom 1930  to  
1967;  inc lud ing  coe f f i c i ent s ,  s tandard  errors  ( in  parentheses )  and  
re la ted  s ta t i s t i c s  
e s t .  
t ech .  
l -
mstk  
ave .  




l s  \  
1  
1  
0 . 202  
(0 .006)  
-0 .84  
(0 .25 )  
— 11 .90  1 .45  0 .37  0 .995  33 .0  
a l s  1 
1  
1  
0 . 201  
(0 .  009)  
-0 .82  
(0 .37 )  
0 .26  
(0 .18 )  
9 .03  2 .07  0 .36  0 .996  32 .6  
2 s l s  4  
1  1  
0 . 200  
(0 .007)  
-0 .75  
(0 .27 )  
—— 12 .47  1 .44  0 .  37  0 .995  33 .1  
a t s -1  1 
1  
1  
0 . 200  
(0 .006)  
-0 .77  
(0 .25 )  
12 .38  1 .45  0 .37  0 .  995  33 .0  
a t s -2  1 
1  
0 . 192  
(0 .008)  
-0 .  45  
(0 .36 )  
0 .23  
(0 .09 )  
10 .75  1 .91  0 .37  0 .995  34 .0  
tab le  c53 .  f eed  gra in  machinery  expense ,  fg -mach ,  e s t imated  by  l eas t  squares ,  auto -
regress ive  l eas t  squares ,  two-s tage  l eas t  squares  and  two-s tage  t ech­
n iques  as suming  autocorre la teo  errors  wi th  annua l  da ta  from 1930  to  
1967;  inc lud ing  coe f f i c i ent s ,  s tandard  errors  ( in  parentheses )  and  
re la ted  s ta t i s t i c s  
e s t .  
t ech .  
fg -
mstk  
ave .  




l s  1 
1  
1  
0 . 265  
(0 .008)  
-2 .67  
(0 .78 )  
— — 45 .25  2 .30  0 .39  0 .989  824 .  
a l s  1 
1  
1  
0 . 266  
(0 .007)  
-2 .79  
(0 .73 )  
—0.16  
(0 .17 )  
53 .19  2 .06  0 .38  0 .988  843 .  
2 s l s  1 
1  
1  
0 . 263  
(0 .009)  
-2 .56  
(0 .82 )  
— —  47 .01  2 .30  0 .39  0 .989  824 .  
a t s - l  1 
1  
1  
0 . 264  
(0 .008)  
-2 .59  
(0 .80 )  
—  —  46 .55  2 .30  0 .39  0 .989  824 .  
a t s -2  1 
1  
0 . 263  
(0 .009)  
-2 .5  8  
(0 .94 )  
0 .08  
(0 .11 )  
44 .76  2 .43  0 .39  0 .988  897 .  
TABLE C54. WHEAT MACHINERY EXPENSE, W-MACH, ESTIMATED 6Y LEAST SQUARES, AUTOREGRES" 
SIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECHNIQUES 
ASSUMING AUTOCORRELATEO ERRORS WITH ANNUAL DATA FROM 1930 TO 1967, 















—  —  8.26 2. 24 0.45 0. 978 







9.40 2.01 0.45 0.978 





— —  7.67 2. 24 0.45 0.973 





6.84 2.23 0.45 0,978 














TABLE C55. SOYBEAN MACHINERY EXPENSE, S-MACH, ESTIMATED BY LEAST SQUARES, AUTORE-
GRESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECH­
NIQUES ASSUMING AUTOCORRELATEO ERRORS WITH ANNUAL DATA FROM 1930 TO 




















— 1.58 2.67 0.34 0.997 30.9 







2.45 2.10 0.31 0.997 28.1 





— 1. 57 2.90 0.35 0.997 32.9 





— —  1.54 2.92 0.36 0.997 34.0 







1. 64 2. 86 0.35 0.997 34.5 
TABLE C56. COTTON MACHINERY EXPENSE, C-MACH, ESTIMATED BY LEAST SQUARES, AUTORE-
GRESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECH­
NIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 TO 
















— 6.12 2.31 0.47 0.930 74.4 







7.06 2.03 0.46 0.933 73.7 





— 5.52 2.31 0.47 0.929 74.5 





— —  5.15 2.30 0.47 0.929 74.5 







5.48 2.00 0.46 0.933 74.0 
TABLE C57. TOBACCO MACHINERY EXPENSE, T-MACH, ESTIMATED BY LEAST SQUARES, AUTCRE-
GRESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECH­
NIQUES ASSUMING AUTOCORRELATEO ERRORS WITH ANNUAL DATA FROM 1930 TO 




















—— 0.24 2.62 0.48 0.967 0.72 







0.11 2.03 0.43 0.974 0.61 





— 0.26 2.75 0.48 0.967 0.73 





— — 0.30 2.57 0.48 0.967 0.72 







0.23 2.72 0.49 0.965 0.80 
TABLE C58. LIVESTOCK REAL ESTATE EXPENSE, L-RE, ESTIMATED BY LEAST SQUARES, AUTORE 
GRESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECH­
NIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 TO 




















































366.67 0.62 0.25 0.996 999. 
TABLE C59. FEED GRAIN REAL ESTATE EXPENSE, FG-RE, ESTIMATED BY LEAST SQUARES, AUTO-
REGRESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECH­
NIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 TO 





















































353 .  
TABLE C60. WHEAT REAL ESTATE EXPENSE, W-RE, ESTIMATED BY LEAST SQUARES, AUTOREGRES 
SIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECHNIQUES 
ASSUMING AUTOCOPRELATEO ERRORS WITH ANNUAL DATA FROM 1930 TO 1967, 









RHO UNIT D U R 
SQRD 
MSE 




— 12.61 0.42 0.16 0.989 47.3 






18.06 1.80 0.08 0.998 10.4 




— 18.58 0.65 0.17 0.987 53.2 




— 15.36 0.53 0.17 0.988 48.5 




— 0. 06 
(0.05) 
16.24 0.48 0.18 0.987 56.1 
TABLE C61. SOYBEAN REAL ESTATE EXPENSE, S-RE, ESTIMATED BY LEAST SQUARES, AUTORE 
GRESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECH­
NIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 TO 






















































-0.99 0.98 0.04 0.984 0.52 
TABLE C62. COTTON REAL ESTATE EXPENSE, C-RE, ESTIMATED BY LEAST SQUARES, AUTORE-
GRESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES A!^D TWO-STAGE TECH­
NIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 TO 

















-0.08 1.43 0.05 0.997 8.5 
2SLS 0.049 
(0.001) 
— 21.02 0.76 0.12 0.988 38.5 
ATS-l 0.050 
(0.001) 





15.07 0.46 0»12 0.987 39.3 
TABLE C63. TOBACCO REAL ESTATE EXPENSE, T-RE, ESTIMATED BY LEAST SQUARES, AUTORE-
6RESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECH­
NIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 TO 























































7.13 1.15 0.26 0.973 28.2 
TABLE c64 ,  LIVESTOCK FUEL, OIL AND REPAIRS EXPENSE, L-FOR, ESTIMATED BY LEAST 
SQUARES, AUTOREGRESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-
STAGE TECHNIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 
1930 TO 1967, INCLUDING COEFFICIENTS, STANDARD ERRORS (IN PARENTHESES) 





















































154.30 2. 46 0.77 0.988 282. 
TABLE C65, FEED GRAIN FUEL, OIL AND REPAIRS EXPENSE, FG-FOR, ESTIMATED BY LEAST 
SQUARES, AUTOREGRESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-
STAGE TECHNIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 
1930 TO 1967, INCLUDING COEFFICIENTS, STANDARD ERRORS (IN PARENTHESES» 

















(0 .0?)  
0 .22  


































TABLE C66. WHEAT FUEL, OIL AND REPAIRS EXPENSE, W-FOR, ESTIMATED BY LEAST 
SQUARES, AUTOREGRESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-
STAGE TECHNIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 
1930 TO 1967, INCLUDING COEFFICIENTS, STANDARD ERRORS (IN PARENTHESES) 

























































— — 298.49 1.25 0.58 0.972 231. 










200.41 1.74 0.53 0.976 206. 
TABLE C67. SOYBEAN FUEL, OIL AND REPAIRS, S-FOR, ESTIMATED BY LEAST SQUARES, AUTO-
REGRESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECH­
NIQUES ASSUMING AUTOCORRELATEO ERRORS WITH ANNUAL DATA FROM 1930 TO 





































































21.56 2.58 0.50 0.994 42.0 
TABLE C68. COTTON FUEL,OIL AND REPAIRS EXPENSE, C-FOR, ESTIMATED BY LEAST 
SQUARES, AUTOREGRESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-
STAGE TECHNIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 
1930 TO 1967, INCLUDING COEFFICIENTS, STANDARD ERRORS (IN PARENTHESES) 














































































276.47 2. 38 0. 76 0. 867 
M SE 
TABLE C69. TOBACCO FUEL, OIL AND REPAIRS EXPENSE, T-FOR, ESTIMATED BY LEAST 
SQUARES, AUTOREGRESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-
STAGE TECHNIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 
1930 TO 1967, INCLUDING COEFFICIENTS, STANDARD ERRORS (IN PARENTHESES) 

































































45. 64 2.01 0.72 0.907 52.7 
TABLE C70. LIVESTOCK MISCELLANEOUS EXPENSE, L-MISC, ESTIMATED BY LEAST SQUARES, 
AUTOREGPESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE 
TECHNIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 













RHO UNIT D U R 
SQRD 
MS€ 








— — 420.62 1.41 0.53 0.992 1017. 
ALS 1 0.017 
1 (0.002) 








168.18 1.78 0.47 0.993 862. 








— —  477.12 1.25 0.54 0.991 1033. 








— — 158.86 2.54 0.65 0.987 1519. 










138. 08 2.50 0.64 0.937 1568. 
TABLE C71. FEED GRAIN MISCELLANEOUS EXPENSE, FG-MISC, ESTIMATED BY LEAST SQUARES, 
AUTOREGRESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND-TWO STAGE 
TECHNIQUES ASSUMING AUTOCORRELATEO ERRORS WITH ANNUAL DATA FROM 1930 












































— —  183.84 2.46 0.39 0. 989 220. 



















154.13 2.60 0.39 0. 989 236. 
TABLE C72. WHEAT MISCELLANEOUS EXPENSE, W-MISC, ESTIMATED BY LEAST SQUARES, AUTORE-
GRESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECH­
NIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 TO 















































































114.48 2.22 0.38 0.984 40.5 
TABLE C73. SOYBEAN MISCELLANEOUS EXPENSE, S-MISC, ESTIMATED BY LEAST SQUARES, AUTO-
REGRESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECH­
NIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 TO 















































































3.56 2.77 0.51 0.988 35.9 
TABLE C74. COTTON MISCELLANEOUS EXPENSE, C-MISC, ESTIMATED BY LEAST SQUARES, AUTO-
REGRESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECH­
NIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 TO 










SPA RHO UNIT D U R 
SQRD 
M SE 








— 239.25 1.52 0. 28 0.943 210. 










104.58 2.10 0. 26 0.952 187. 








— —  267.82 1.67 0. 29 0. 940 218. 








— 259.90 1.63 0. 29 0.941 214. 










252.85 1.50 0. 28 0.945 214. 
TABLE C75. TOBACCO MISCELLANEOUS EXPENSE, T-MISC, ESTIMATED BY LEAST SQUARES, AUTO-
REGRESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECH­
NIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 TO 


























































58.76 1.32 0.42 0.972 11.5 
TABLE C76. LIVESTOCK INTEREST ON YEAR END STOCK, L-INT, ESTIMATED BY LEAST 
SQUARES, AUTOREGRESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-
STAGE TECHNIQUES ASSUMING AUTGCORRELATED ERRORS WITH ANNUAL DATA FROM 
1930 TO 1967, INCLUDING COEFFICIENTS, STANDARD ERRORS (IN PARENTHESES) 




















































TABLE C77. FEED GRAIN INTEREST ON YEAR END STOCK, FG-INT, ESTIMATED BY LEAST 
SQUARES» AUTOREGRESSIVE LEAST SQUARES, TWO-STAGF LEAST SQUARES AND TWO-
STAGE TECHNIQUES ASSUMING AUTOCOKRELATED ERRORS WITH ANNUAL DATA FROM 
1930 TO 1967, INCLUDING COEFFICIENTS, STANDARD ERRORS (IN PARENTHESES) 





















































TABLE C78. WHEAT INTEREST ON YEAR END STOCK, W-INT, ESTIMATED BY LEAST SQUARES, 
AUTCRE6RESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE 
TECHNIQUES ASSUMING AUTQCORRELATEO ERRORS WITH ANNUAL DATA FROM 1930 






















































TABLE C79. SOYBEAN INTEREST -ON YEAR END STOCK, S-INT, ESTIMATED BY LEAST SQUARES, 
AUTOREGRESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE 
TECHNIQUES ASSUMING AUTOCORRELATEO ERRORS WITH ANNUAL DATA FROM 1930 






















































TABLE C80. COTTON INTEREST ON YEAR END STOCK, C-INT, ESTIMATED BY LEAST SQUARES, 
AUTOPEGRESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE 
TECHNIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 






















































TABLE C81. TOBACCO INTEREST ON YEAR END STOCK, T-INT, ESTIMATED BY LEAST SQUARES, 
AUT0RE6RESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE 
TECHNIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 






















































TABLE C82. LIVESTOCK PRODUCTION UNITS, L-LPU, ESTIMATED BY LEAST SQUARES AND AUTO-
REGRESSIVE LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967; INCLUDING 
COEFFICIENTS, STANDARD ERRORS (IN PARENTHESES) AND RELATED STATISTICS 
FG- L~ 
E-ST. PR TIME LPU RHO UNIT DU R MSE 
TECH. T-1 T-1 SQRD 
LS -0 .08 




( 0 . 1 1 )  









27.40 1 .86  0.82 0.942 51.4 
TABLE C83. LIVESTOCK MARKETINGS, L-MTK, ESTIMATED BY LEAST SQUARES, AUTOREGRES-
SIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECHNIQUES 
ASSUMING AUTOCORREtATED ERRORS WITH ANNUAL DATA FROM 1930 TO 1967, 








































— —  


















—20.66 2.44 0.70 0.986 11,6 
TA3LE C84. LIVESTOCK PRICE, L-PR, ESTIMATED BY LEAST SQUARES, AUTOREGRESSIVE 
LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECHNIQUES ASSUM­
ING AUT0C0RR6LATED ERRORS WITH ANNUAL DATA FROM 1930 TO 1967; INCLUD­





MKT PCDI PR 
T T T-1 
-0.58 0.06 0. 68 
(0.19) (0.02) (0.10) 
-0.87 0.06 0.24 
(0.23) (0.02) (0.16) 
-0. 56 0. 05 0.70 
(0.19) (0.02) (0.10) 
-0.55 0. 05 0.70 
(0.20) (0.02) (0.10) 
-0.92 0. 07 0.22 
(0.31) (0.02) (0.20) 









( 0 . 1 2 1  
0.81 
(0.13) 
12.45 1.10 0.85 0.829 45.8 
13.86 1.81 0.73 0.890 31.3 
11.50 1.13 0.85 0.828 45.8 
11.70 1.12 0.85 0.828 45.8 
12.35 1.70 0.73 0.883 33.2 
TABLE C85. FEED GRAIN PRICE, FG-PR, ESTIMATED BY LEAST SQUARES, AUTOREGRESSIVE 
LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECHNIQUES ASSUM­
ING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 TO 1967; INCLUD­




































































19.84 1.46 0.47 0.852 27.7 
TABLE C86. WHEAT PRICE, W-PR, ESTIMATED BY LEAST SQUARES, AUTOREGRESSIVE LEAST 
SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECHNIQUES ASSUMING AUTO-
CORRELATED ERRORS WITH ANNUAL DATA FROM 1930 TO 1967, INCLUDING 





SPPR SPY- PR 
T UTIL T-1 
0.18 -0.0002 0.60 
(0.08) (0.0001) (0.13) 
0.12 -0.0002 0.57 
(0.12) (0.0001) (0.29) 
0.16 -0.0002 0.63 
(0.07) (0.0001) (0.13) 
0.11 -0.0002 0.74 
(0.08) (0.0001) (0,15) 
0.06 -0.0001 0.71 
(0.13) (0.0001) (0.28) 











( 0 . 2 6 )  
0.49 1.49 1.43 0.682 0.06 
0.52 1.93 0.87 0.690 0.05 
0.46 1.52 0.88 0.681 0.06 
0.33 1.61 0.89 0.671 0.06 
0.29 2.21 0.91 0.688 0.06 
TABLE C87. SOYBEAN PRICE, S-PR, ESTIMATED BY LEAST SQUARES, AUTOREGRESSIVE LEAST 
SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECHNIQUES ASSUMING AUTO-
CORRELATED ERRORS WITH ANNUAL DATA FROM 1930 TO 1967, INCLUDING, 





SPPR WAR SPY- PR 
T OU MY UTIL T-1 
0.30 0.36 -0.0013 0.17 
<0.08) (0.19) (0.0005) (0.13) 
0.33 0.39 -0.0015 0.03 
(0.13) (0.22) (0.0007) (0.32) 
0.27 0.40 -0.0010 0.20 
(0.08) (0.19) (0.0006) (0.13) 
0.21 0.36 -0.0007 0.38 
(0.09) (0.20) (0.0006) (0.16) 
0.24 0.37 -0.0008 0.31 
(0.13) (0.21) (0.0007) (0. 26) 














1.98 0.65 0.685 0.11 
2.06 0.66 0.729 0.09 
2.02 0.65 0.682 0.11 
2.22 0.68 0.657 0.12 
1.94 0.69 0.669 0.12 
TABLE C88. COTTON PRICE, C-PR, ESTIMATED BY LEAST SQUARES, AUTOREGRESSIVE LEAST 
SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECHNIQUES ASSUMING AUTO-
CORRELATED ERRORS WITH ANNUAL DATA FROM 1930 TO 1967, INCLUDING 













































































3.65 2.  40 0.  85 0.743 14.4 
TABLE C89. TOBACCO PRICE, T-PR, ESTIMATED BY LEAST SQUARES, AUTOREGRESSIVE LEAST 
SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECHNIQUES ASSUMING AUTO-
CORRELATED ERRORS WITH ANNUAL DATA FROM. 1930 .TO 1967, INCLUDING • 














































16.18 1# 53 0.85 0.787 23.0 
ATS-1 \  


















11.15 2.  54 0.82 0.785 21.3 
TABLE C90. FEED GRAIN COMMERCIAL DEMAND, FG-CD, ESTIMATED BY LEAST SQUARES, AUTORE-
GRESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECH­
NIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 TO 






























(0.Q3) -0.22 (0.09) 
6.01 
(2.87) 










































-10.80 1.54 0.46 0.959 22.2 
TABLE C91. WHEAT FOOD DEMAND, W-FOOD, ESTIMATED BY LEAST SQUARES, AUTOREGRESSIVE 
LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECHNIQUES ASSUM­
ING AUTOCORRELATEO ERRORS WITH ANNUAL DATA FROM 1930 TO 1967; INCLUD­



























































0.33 306.93 2.02 0.66 0.664 106. 
TABLE C92. WHEAT COMMERCIAL DEMAND, W-CD, ESTIMATED BY LEAST SQUARES, AUTOREGRES-
SIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECHNIQUES 
ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 TO 1967, 















RHO UNIT D U R 
SQRD 
MSE 








— 303.56 1.49 0.  72 0.73 8 4289. 










181.01 1.93 0.  72 0.759 4274. 








— —  312.64 1.44 0.  74 0.730 4416. 








— 294.25 1.50 0.  73 0.734 4349. 










137. 44 2.16 0.  74 0.746 4406. 
TASLE C93. SOYBEAN COMMERCIAL DEMAND, S-CD, ESTIMATED BT LEAST SQUARES, AUTOREGRES-
SIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECHNIQUES 
ASSUMING AUTOCOPRELATEff ERRORS WITH ANNUAL DATA FROM 1930 TO 1967, 





























-118.02 1.73 0.61 0.992 307. 
ALS 1 











-105.20 1.91 0.59 0.992 317. 
2SLS 1 









— —  





















-109.70 2.06 0.61 0.992 337. 
TABLE C94. C0TT13N MILL CONSUMPTION» C-CD, ESTIMATED BY LEAST SQUARES AND AUTC-
REGRESSÎVE LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967; INCLUDING 
COEFFICIENTS, STANDARD ERRORS (IN PARENTHESES) AND RELATED STATISTICS 
C— C'­
EST. BDPI INV 
TECH. T-1 T-1 
C— 
Cb RHO UNIT 
T-1 




0.13 ( 0 . 0 6 )  
0.70 
( 0 . 1 1 )  
-0.09 1.98 0.87 0.724 0.77 
ALS O.Dl 
(0.02) 
0.10 ( 0 . 0 6 )  




1.04 1.98 0.85 0.657 0.78 
TABLE C95. TOBACCO COMMERCIAL DEMAND, T-CD, ESTIMATED BY LEAST SQUARES AND AUTO-
REGRESSIVE LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967; INCLUDING 
COEFFICIENTS, STANDARD ERRORS (IN PARENTHESES) AND RELATED STATISTICS 
T- US- T-
EST. IMP PCD! CD RHO UNIT DU R MSE 



























TABLE C96. FEED GRAINS GOVERNMENT INVENTORY, FG-GINV, ESTIMATED BY LEAST SQUARES, 
AWTOREGRESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE 
TECHNIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 

















































































11.09 1.95 0.72 0.949 31.0 
TABLE C97. WHEAT GOVERNMENT INVENTORY, W-GINV, ESTIMATED BY LEAST SQUARES AND AUTO 
REGRESSIVE LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967; INCLUDING 




















-25.03 1.34 0.64 0.905 21377. 
232.23 0.77 0.37 - 8.49 1.86 0.79 0.912 2 07 03. 
(96.3*6) (0.11) (0.21) 
TABLE C98.  COTTON GOVERNMENT INVENTORY,  C-GINV,  ESTIMATED BY LEAST SQUARES,  AUTORE-
GRESSIVE LEAST SQUARES,  TWO-STAGE LEAST SQUARES AND TWO-STAGE TECH­
NIQUES ASSUMING AUTOCORRELATEO ERRORS WITH ANNUAL DATA FROM 1930 TO 















T -1  




LS 1  
1  
1  
0 .56  
(0 .16)  
-0 .53  
(0 .34)  
0 .13  
(0 .06)  
0 .77  
(0 .11)  
— —  -4 .  42  1 .  89  0 .72  0 .643  5 .46  
ALS \  
1  
1  
0 .61  
(0 .17)  
-0 .55  
(0 .36)  
0 .08  
(0 .08)  
0 .73  
(0 .17)  
0 .04  
(0 .25)  
-3 .40  2 .  00  0 .70  0 .631  5 .61  
2SLS 1 
1  
0 .47  
(0 .24)  
-0 .83  
(0 .49)  
0 .16  
(O.OP)  
0 .81  
(0 .12)  
— —  
— 1 .63  1 .  91  0 .73  0 .633  5 .62  
ATS- I  1  
\ 
1 
0 .57  
(0 .21)  
-1 .30  
(0 .52)  
0 .23  
(0 ,08)  
0 .97  
(0 .16)  
— — -0 .  96  2 .  16  0 .79  0 .575  6 .51  
ATS-2  1  
1  
0 .49  
(0 .27)  
-1 .38  
(0 .76)  
0 .26  
(0 .11  )  
0 .63  
(0 .29)  
0 .57  
(0 .23)  
0 .61  2 .  75  0 .87  0 .459  8 .38  
TABLE C99.  FEED GRAINS COMMERCIAL INVENTORY,  FG-CINV,  ESTIMATED BY LEAST SQUARES,  
AUTOREGRFSSIVE LEAST SQUARES,  TWO-STAGE LEAST SQUARES AND TWO-STAGE 
TECHNIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 

















LS 1  
1  
j  
-0 .17  
(0 .02)  
0 .20  
(0 .03)  
-0 .  04  
(0 .02)  
— 0.43  1 .36  0 .36  0 .827  2 .31  
ALS 1  
1  
1  
-0 .16  
(0 .02)  
0 .22  
(0 .02)  
-0 .  06  
(0 .03)  
0 .  38  
(0 .19)  




-0 .15  
(0 .02)  
0 .18  
(0 .05)  
-0 .  04  
(0 .04)  
— 2.02  1 .47  0 .37  0 .818  2 .43  




(0 .02)  
0 .18  
(0 .04)  
-0 .  04  
(0 .03)  
—— 0.71  1 .49  0 .36  0 .824  2 .35  
ATS-2  1  
1  
—0.16  
(0 .02)  
0 .16  
(0 .04)  
-0 .02  
(0 .04)  
-0 .18  
(0 .13)  
0 .22  1 .29  0 .38  0 .800  2 .76  
TABLE C lOO.  WHEAT COMMERCIAL INVENTORY,  W-CINV,  ESTIMATED BY LEAST SQUARES,  AUTORE-
GRESSIVE LEAST SQUARES,  TWO-STAGE LEAST SQUARES AND TWO-STAGE TECH­
NIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 TO 












T -1  
RHO UNIT  D U R 
SQRD 
MSE 
LS f  -99 ,88  
1 (23 ,51)  
-0 ,10  
(0 ,03)  
0 ,31  
(0 ,13)  
—— 292,11  2 ,10  0 ,71  0 ,752  2511,  
ALS 1  —87,06  
1  (25 ,38)  
-0 ,09  
(0 ,03)  
0 ,32  
(0 ,18)  
-0 ,09  
(0 ,25)  
286 ,80  2 ,10  0 ,70  0 ,693  2568,  
2SLS 1  -78 ,00  
]  (26 ,76)  
-0 ,  09  
(0 ,03)  
0 ,36  
(0 ,14)  
— 249,33  2 ,11  0 ,72  0 ,745  2579,  
ATS-1  1  -86 ,77  
t  *28 ,60)  
-0 .09  
(0 ,04)  
0 ,39  
(0 ,21)  
256 ,54  2 ,21  0 ,72  0 ,748  2550.  
ATS-2  1  -79 ,72  
1 (35 ,31)  
-0 ,09  
(0 ,05)  
0 ,33  
(0 ,29)  
0 ,20  
(0 ,18)  
203 ,88  2 ,40  0 ,74  0 ,713  2833,  
TABLE C lO l .  SOYBEAN COMMERCIAL INVENTORY,  S-CINV,  ESTIMATED BY LEAST SQUARES,  AUTO-
REGRESSIVE LEAST SQUARES,  TWO-STAGE LEAST SQUARES AND TWO-STAGE TECH­
NIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 TO 









T -1  





t  0 .06  
1 (0 .02*  
1  
0 .52  
(0 .22)  
— — 
-8 .94  1 .35  0 .83  0 .700  346 .  
ALS 1  0 .35  
1 (0 .091  
1 
0 .36  
(0 .18)  
0 .98  
(0 .05)  
-7 .17  1 .81  0 .73  0 .767  229 .  
2SLS 
1 
1  0 .06  
1 (0 .021  
j  
0 .58  
(0 .24)  
— —  
-7 .65  1 .41  0 .83  0 .699  267 .  
ATS-1  I  O.Ol  
1 (0 .03»  
1  
1 .32  
10 .48)  
—* -3 .  22  2 .08  0 .97  0 .591  472 .  
ATS-2  1  0 .02  
1 (0 .05»  
1 
1 .24  
(0 .59)  
0 .25  
(0 .35)  
-4 .19  2 .39  0 .98  0 .579  511 .  
TABLE C102.  COTTON COMMERCIAL INVENTORY,  C-CINV,  ESTIMATED BY LEAST SQUARES,  AUTO-
REGRESSIVE LEAST SQUARES,  TWO-STAGE LEAST SQUARES AND TWO-STAGE TECH­
NIQUES ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 TO 
1967 ,  INCLUDING COEFFICIENTS,  STANDARD ERRORS ( IN  PARENTHESES)  AND 
RELATED STATISTICS 
C- C- C- c-
EST.  INV PROD GINV PR WAR RHO UNIT  D U R M SE 
TECH.  T -1  T  T  T  DU MY SQRD 
LS 1  
1  
1  
0 .53  0 .55  
(0 .07) (0 .08)  
—0.  56  
(0 .06)  
-0 .10  1 .41  
(0 .03)  (0 .46)  
— — 
-2 .94  2 .  04  0 .41  0 .  828  0 .76  
ALS 1  
I  
1 
0 .55  0 .57  
(0 .07) (C.08)  
-0 .  56  
(0 .06)  
-0 .09  1 .40  
(0 .031(0 .45)  
-0 .  07  
(0 . Î9 )  
-3 .84  2 .  04  0 .41  0 .  826  0 .79  
2SLS \  
1  
1  
0 .36  0 .43  
(0 .07 ; (0 .12)  
-0 .46  
(0 .09#  
-0 .12  1 .46  
(0 .03) (0 .63)  
— 0.07  1 .  48  0 .45  0 .  795  0 .91  
ATS-1  1  
\ 
1 
0 .64  0 .67  
(0 .081(0 .11)  
— 0 .  64  
(0 .08)  
-0 .08  1 .39  
(0 .03) (0 .51)  
— 
-5 .49  2 .  32  0 .43  0 .  811  0*84  
ATS-2  1  
1  
0 .67  0 .68  
(0 .08) (0 .11)  
-0 .  64  
(0 .08)  
-0 .07  1 .33  
(0 .03) (0 .50)  
—0.  06  
(0 .15)  
—6.  49  2 .  31  0 .43  0 .  809  0 .87  
TABLE C103. TOBACCO COMMERCIAL INVENTORY, T-CINV, ESTIMATED BY LEAST SQUARES, AUTO-
REGRESSIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECH­
NIQUES ASSUMING AUTOCORRELATFD ERRORS WITH ANNUAL DATA FROM 1930 TO 






















— —  









52.38 1.92 0. 57 0.978 16044. 






— —  

















30.43 2.46 0, 58 0.975 17980. 
TABLE C104. FEED GRAIN EXPORTS, FG-EXP, ESTIMATED BY LEAST SQUARES 
SIVE LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967; 
































-0.50 2.06 0.79 0.930 4.83 
TABLE C105.  WHEAT EXPORTS, W-EXP, ESTIMATED BY LEAST SQUARES AND AUTOREGRESSIVE 
LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967; INCLUDING COEFFICI­


































TABLE C106. SOYBEAN EXPORTS, S-EXP, ESTIMATED BY LEAST SQUARES, AUTOREGRESSIVE 
LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECHNIQUES ASSUM­
ING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 TO 1967; INCLUD­



































































2.91 2.40 0.64 0.988 95. 
TABLE C107. COTTON EXPORTS, C-EXP, ESTIMATED BY LEAST SQUARES, AUTGREGRESSIVE 
LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECHNIQUES ASSUM 
ING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 TO 1967; INCLUD­
















RHO UNIT 0 U R 
SQRD 
MSE 








— 0.04 1.73 0.05 0.998 0.01 










0.05 2.00 0.05 0. 997 0.01 








— —  0.34 2.25 0.08 0.993 0.03 








— — -0.04 1.87 0.05 0.998 0.01 










—0.07 1.33 0.06 0.996 0.02 
TABLE C108. TOBACCO EXPORTS, T-EXP, ESTIMATED BY LEAST SQUARES AND AUTOREGRESSIVE 
LEAST SQUARES WITH ANNUAL DATA FROM 1930 TO 1967; INCLUDING COEFFICI­










RHO UNIT U R 
SQRD 
MSE 
LS -0. 04 ( 0 . 0 2 )  7.82 ( 3 . 1 6 )  
0.61 
( 0 . 1 4 )  
270.67 2.17 0.80 0.499 5975. 
ALS -0.05 6.72 0.60 -0.09 298.05 
(0.02) (3.14) (0.22) (0.27) 
2.00 0.80 0.526 5535. 
TABLE C109. LIVESTOCK GROSS INCOME, L-GINC, ESTIMATED BY LEAST SQUARES, AUTOREGRES-
SIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECHNIQUES 
ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 TO 1967, 




























— — 184.97 0.73 0.18 0.997 43510. 
ALS 0.63 
(0.14) 
99.54 1.51 0.14 0.998 27978. 
2SLS — —  131.12 0.73 0.18 0.997 43773. 




143.01 0.60 0.21 0.996 62532. 
TABLE Clio. FEED GRAIN GROSS INCOME, FG-GINC ESTIMATED BY LEAST SQUARES ON 
ORIGINAL DATA AND ON FIRST DIFFERENCES, AUTOREGRESSIVE LEAST SQUARES, 
TWO-STAGE LEAST SQUARES AND TWO-STAGE TECHNIQUES ASSUMING AUTOCORRELATED 
ERRORS WITH ANNUAL DATA FROM 1930 TO 1967, INCLUDING COEFFICIENTS, 






































—  —  







64*61 2.85 0.57 0.978 16455. 
TABLE C113. COTTON GROSS INCOME, C-GINC, ESTIMATED BY LEAST SQUARES, AUTOREGRES-
SIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECHNIQUES 
ASSUMING AUTOCORRELATED ERRORS WITH ANNUAL DATA FROM 1930 TO 1967, 
























































114.22 0.64 0.22 0.982 5078. 
TABLE C112. SOYBEAN GROSS INCOME, S-GINC, ESTIMATED BY LEAST SQUARES, AUTOREGRES-
SRVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECHNIQUES 
ASSUMING AUTCCORRELATEO ERRORS WITH ANNUAL DATA FROM 1930 TO 1967, 






















































TABLE C113. COTTON GROSS INCOME, C-GINC, ESTIMATED BY LEAST SQUARES, AUTOREGRES-
SIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECHNIQUES 
ASSUMING AUTOCORRELATEO ERRORS WITH ANNUAL DATA FROM 1930 TO 1967, 























































114.22 0.64 0.22 0.982 5078. 
TABLE C114. TOBACCO GROSS INCOME, T-GINC, ESTIMATED BY LEAST SQUARES, AUTOREGRES-
SIVE LEAST SQUARES, TWO-STAGE LEAST SQUARES AND TWO-STAGE TECHNIQUES 
ASSUMING AUTOCORRELATEO ERRORS WITH ANNUAL DATA FROM 1930 TO 1967, 



















(0 .001 )  
0.010 (0 .001)  
0.009 































APPENDIX D. LISTING OF THE FORTRAN STATEMENTS 
OF THE BASIC SIMULATION MODEL 
c ****************************************************************** 
c A SIMULATION MODEL OF U.S. AGRICULTURE CONTAINING SUBMODELS 
C FOR LIVESTOCK, FEED GRAINS, WHEAT, SOYBEANS, COTTON AND TOBACCO 
C ****************************************************************** 
C THE VARIABLE NAME CODES USED IN THE FORTRAN REPRESENTATION OF 
C THE SIMULATION MODEL CORRESPOND TO THE VARIABLE SYMBOLS DEFINED IN 
C THE TEXT. THERE ARE EXCEPTIONS, HOWEVER, THE AVERAGE COMMODITY 
C STOCK AND AVERAGE MACHINERY STOCK VARIABLES IN THE PRE-INPUT SEC-
C TIONS ARE REPRESENTED BY STKA AND MSKA, RESPECTIVELY, RATHER THAN 
C THE STKAVE AND MSTKAVE SYMBOLS USED IN THE TEXT. ALSO, REAL 
G ESTATE TAX VARIABLES IN THE FORTRAN INSTRUCTIONS ARE CODED AS RTAX 
C RATHER THAN THE RETX SYMBOLS USED IN THE TEXT AND PUR RATHER THAN 
C MPUR SYMBOLIZES MACHINERY PURCHASES IN THE FORTRAN INSTRUCTIONS. 
C TWO DISK DATA SETS ARE UTILIZED FOR THE SIMULATION RUNS. 
C ONE DATA SET, WHICH WE HAVE REFERENCED ON UNIT 11, CONTAINS DATA 
C ON THE EXOGENOUS VARIABLES AND DATA ON OTHER VARIABLES NOT GENER-
C ATED IN THE MODEL. THE FILE NUMBERS ON THE DISK DATA SET FOR 
C THESE VARIABLES ARE READ FROM CARDS INTO AN ARRAY. USING THESE ® 
C FILE NUMBERS THE DATA ON THE EXOGENOUS VARIABLES ARE READ FROM THE 
C DATA SET AND PUT IN A MATRIX WE CALL E(I,JI. THE MODEL USES 
C INFORMATION STORED IN THIS MATRIX AS NEEDED. 
C THE SECOND DATA SET, REFERENCED ON UNIT 10, IS USED PRIMARILY 
C TO STORE THE NUMBERS GENERATED BY THE SIMULATION MODEL. AFTER THE 
C FIRST PASS THROUGH THE EQUATIONS THE ESTIMATES FOR THE FIRST YEAR, 
C 1932, ARE PUT IN A FILE ON THE DATA SET. THE DATA FOR THE NEXT 
C YEAR, 1933, GENERATED FROM THE SECOND PASS THROUGH THE EQUATIONS, 
C ARE STORED IN THE NEXT FILE, ETC. IN ALL, 36 FILES, ONE FILE FOR 
C EACH YEAR SIMULATED, ARE FILLED WITH DATA FOR EACH OF THE 17 
C SIMULATIONS RUN. 
C THE DATA SET ON UNIT 10 IS USED TO STORE THE AUTOCORRELATION 
C COEFFICIENT ESTIMATES FOR THE AUTOREGRESSIVE EQUATIONS IN THE 
C MODEL. THESE ESTIMATES ARE READ FROM THE DATA SET AND PUT IN THE 
C BETACII ARRAY. SIMILARLY THE COEFFICIENTS OF LAGGED DEPENDENT 
C VARIABLES FOR SOME EQUATIONS ARE ON THE DATA SET. THESE ESTIMATES 
C ARE READ FROM THE DATA SET AND PUT IN THE ARRAY CALLED ALAM(I) IN 
C THE SIMULATION MODEL. 
THE DATA SET IS ALSO UTILIZED TO PROVIDE TIME LAGGED DATA ON 
THE DEPENDENT VARIABLES. THE PREDICTIVE EQUATIONS USE LAGS ON 
THE DEPENDENT VARIABLE DATA OF UP TO TWO YEARS. EACH PASS THROUGH 
THE MODEL THE ARRAY ALAG2(I » IS FILLED WITH DATA GENERATED IN THE 
NEXT TO THE LAST PASS THROUGH THE EQUATIONS. IF THE NUMBERS FOR 
THE MOST RECENT PASS THROUGH THE EQUATIONS WERE PUT IN THE JTH 
FILE, DATA IN THE J-1 FILE ARE PUT IN ALAG2(I) ARRAY. THE NUMBERS 
FOR THE MOST RECENT PASS THROUGH THE EQUATIONS, STORED ON THE JTH 
FILE, ARE PUT IN ALAGL(I). THE NEXT PASS THROUGH THE EQUATIONS 
USES DATA FROM ALAG2(I) WHEN A TWO YEAR LAG ON THE DEPENDENT 
VARIABLE IS NEEDED AND DATA FROM ALAG1CIÎ WHEN A ONE YEAR LAG IS 
NEEDED. 
AT A LATER TIME A SECOND FORTRAN PROGRAM IS RUN WHICH CONTAIN 
INSTRUCTIONS TO READ THE SIMULATION RESULTS FROM THE DATA SET ON 






DEFINE FILE 11(999,90,U,JNEXT»,10(999,506,U,JNEXT) 




70 FORMATAI* ,///,30X, «LOCATION OF SIMULATION DATA ON DATA SET 10.',/ 
1 / )  
75 FORMAT!'IM 
198 FORMATUCX,»FILE ',13,' CONTAINS '13,* RECORDS FQR SIMULATION',F4 
1.2,' YEAR ',14,' USING LAGS ',F5^0,' AND ',F5.0I 
788 F0RMAT(4X,11F9.1» 
****************************************************************** 
A PARTIAL LISTING OF OPERATING PARAMETER DEFINITIONS USED IN 
THE PROGRAM FOLLOWS: 
NTDV = NUMBER OF DEPENDENT VARIABLES 
NREC = LENGTH OF FILE ON UNIT 10 USED TO STORE SIMULATION 
c RESULTS 
C NE = NUMBER OF EXOGENOUS VARIABLES 
C NROW = LENGTH OF DATA SERIES USED OR MAXIMUM NUMBER OF YEARS 
C OF DATA USED IN MODEL 
C LSF = BEGINNING FILE NUMBER ON UNIT 10 IN WHICH SIMULATION 
C RESULTS ARE TO BE STORED 
C SIM = SIMULATION NUMBER 




DO 200 L = 1,NE 
200 READ<11'NFILES(L))NPRIM,XL,(E(J,L),J=1,40) 




DO 199 1=3,NROW 3 
NEYR=1929+I 
READdO* KK)ASIM,AYEAR,(ALAG2(IK),IK=l,NTDVI 




LLPUR = -205.70 +4.5719957*ALAG1(24) f.858602*ALAGl(158) 
LSTK = 3780.9 +.875617*LLPUR + .610531*ALAG1(159) 
LSTKA= (ALAG1(159) + LSTK)/2.0 
LPUR = .31245 + 53.5906*E<1,3) + .004933*ALAG1(4) +2.36472* 
1 Ed,7) • •292923*ALAGld61) 
LMSTK = -37.532 +1.217355*LPUR +.872088*ALAGl(162) 
LMSKA= (ALAG1(162) + LMSTKI/2.0 
LVALA = -16.633 +.099607*ALAGI(4) +108.009*E(I,7) -BETA(164)* 
1 (.099607*ALAG2(4) + 108.009*Ed-l,7) ) +( ALAMd64 )+BETA ( 164) )* 
2 ALAG1(164) -ALAMd64 )*BETAd64)*ALAG2< 164) 
LSPA = LSTKA + LMSKA + LVALA 
LFEED = -975.28198 +9.159629*ALA61d)-BETA(166)*(9.i59629*ALAG2d) 
1 ) + (ALAM(166)+BETA(166)I*ALAG1(166)-ALAM(166)*BETA(166)*ALAG2(166 » 
LLABR=498.05 + 12.51928*ALAG1(1)-242.592*E<I,7)-BETA(167)* 
1 (12.51928*ALAG2(l)-242.592*€(1-1,7)) -K ALAM<167)+BETA(167)) 
2 *ALAG1(167)-ALAM(167)*BETA<167)*ALAG2(167) 
LMACH = 12.468 +.199497*LMSKA -.752213*E(I,7) 
LRE = 366.6721 +.043386*LVALA +8*123489*E(I,7) -BETA(169)* 
1 (•043386*ALAG1(164»+8.123489*E(1-1,71) +BETA(169)*ALAG1(169) 




3 1 ) 
LINT = 46.87825 +.056305*LSTKA -BETA(172»*(.056305*ALAGK160)) 
2 +BETA(172)*ALAG1(172) 
LRTAX = LVALA*E(1,45>*.0001 
LTI = LLPOR • LFEED • LOACH + LRE + LFOR + LMISC + LINT + LRTAX 
LLPU = 37,998-,079546*ALAGl(28)+.739022*ALAGl(l)+.659114*E(I,7) 
LMKT= -30.325 +.403836*LLPU +.625536*ALAG1(2) 
LPR = 13.856-.872577*LMKT+,063961*E(I,14)-BETA(3)*(-.872577* 
1 ALAG1(2)+.063961*E(I-1,14))+(BETA(3)+ALAM(3))*ALAG1(3) 
2 -ALAM(3I*BETA(3)*ALAG2(3) 








FGPUR = 88.87917+2 84.15 84»EH,3)+39.40355*E(I,4»+.102493*ALAG1(34) 
1 -BETA<8)*(284.1584*E(I-1,3)+39.40355*E(1-1,4)+.102493* 
2 ALAG2(34))+BETA(8l*ALAGl(8) 
FGMSTK = -18.351 +.929537*FGPUR + .798024*ALAGl(9) 
FGMSKA=(FGMSTK+ALAG1(9)1/2. 
FGPRLA = -142.33 +1.836057*5(1,5) +.641137*ALAG1(11) 
FGVALA = -.47784 +.919379*(FGAC*FGPRLA) 
FGSPA = FGSTKA +FGMSKA +FGVALA 
FGFERT = 114.46 +.004492*FGSPA -1.316407*E(1,391+30.666713* 
1 E(I,46)+.854966*ALAG1(14I 




FGMACH = 47.014 +.263544*FGMSKA -2.561768*E(I,7) 
FGRE = 2.820312+ .050998*FGVALA-BETA(18l*(.050998»ALAG1(12)» 
1 +BETA(18>*ALAG1( 18) 
FGFOR = 3G.864+.104271*FGMSKA-BeTA(19)*(.104271*ALAGl(10))+ 
1 BETA(19)*ALAG1(19) 






IF(NEYR.GE.1959)G0 TO 67 
IF(NEYR.GE.1950)G0 TO 58 
















69 FGCOV = ALAG1(31»+ALAG1(32) 
E(I,48) = FGCOV 
FGS =FGPROD +E(I,48) +E(I,12) 
FGD = ALAG1(29) • ALAGIOO» 













FGCI =2.0247 -.153253*FGGI+.180171*FGPR0D -.044881*LLPU 
IF(FGC1.LT.0.0)FGCI=0.0 
FGTO = FGCO + FGEXP + FGGI + FGCI 





WSTK = 155.5 + .191060*ALAG1(55) + .544372*ALAG1(37) 
WSTKA=(HSTK+ALAGi(37)»/2. 
WPUR = 5.111 +37.21512*E(I,3»+7.693074*E(I,1)+.053934*ALAG1(66) 
1 -BETA(39)*(37.21512*E(I-l,3»+7.693074*E(I-l,l)+.053934* 
2 ALAG2(66)) + BETA(39)*ALAG1(39 I 
WMSTK = 9.8492 +.865676*WPUR +.840120*ALAG1(40) 
WMSKA=(WMSTK+ALAG1(40))/2. 
WPRLA= -61.535 +1.1481l7*EfI,47) +• 538402*ALAGl (42 » 
WVALA = 2.7804 +.68C111*(WAC*WPRLA» 
WSPA = HSTKA +WMSKA +WVALA 
WFERT =95.945+.004056*WSPA 825460*E(1,39»+9.142321*E(I,46 » 
1 +.600818*ALAG1(45) 




WMACH = 7.6711 +.240284*WMSKA -1.045935*E(I,7) 
WRE = 15.362 +. 049519*WVALA +2.917428*E(I,15) 
WFOR = 200.4124 -2.54915*E(I,20) +.122493*WMSKA+1.760140*WAC 
1 -BETA(50)*(-2.54915*E(1-1,20)+.122493*ALAG1(41)+1.760140* 
2 ALAG1(36))+BETA(50)*ALAGl(50) 
WMISC= 115.79 +.011125*WSPA -1.086899*E(I,8)+5.546014*E(I,46)+ 
1 .244684*ALAG1(51) 
WINT= -.51461 +.062288*WSTKA 
WRTAX = WVALA*E(1,21)*.0001 
WTI = WFERT+WSEED+WMACH+WRE+WFOR+WMISC+WINT+WRTAX 
IF(NEYR.GE.1959)G0 TO 167 
IF(NEYR.GE.1950)G0 TO 158 
IF(NEYR.GE.1940)GO TO 149 
139 WPROD = 6.97984*(WFERT**.03327)*(WSEED**.10712)*(WLABR**.16947)f 
1(WMACH**.12740)*(WRE**.24783)*(WFOR**.11129)*(WMISC**.07631)* 
2(WINT**,02159)*(WRTAX**.05353) 
GO TO 169 
149 WPROD = 59.12276*(WFERT**.02755)*(WSEED**.06657)*(WLABR**.11183)* 
1(WMACH**.07586)*(WRE**.10996)*(WFOR**.09281)*(WMISC**.04091)* 
2(WINT**.02159)*(WRTAX**.01896) 
GO TO 169 
158 WPROD = 22.03056*(WFERT**.04563)*(WSEED**.06706)*(WLABR**.07606)* 
1(WMACH**.15052)*(WRE**.15638)*(WFOR**.13657»*(WMISC**.06014)* 
2(W-If^T**. 01996)* (WRTAX**. 02826). 
GO TO 169 
167 WPROD = 5.51658*(WFERT**.07591)*(WSEED**.05735)*(WLABR**.06768)* 
1(WMACH**.20694)*(WRE**.27100)*(WFOR**.16005)*(WMISC**.10491)* 
2(WINT**.02148)*(WRTAX**.04729) 
169 WCOV = ALAG1(63» +ALAG1(64» 
Ed,49) = WCOV 
WS = WPROD +E(I,49)+E(I,22) 
WD = ALAG1(60) +ALAG1(61) +ALAG1(62) 





WCD =312.64 -49.502214*WP -1.191389*FGCD+219.807*E(1,11) 
1 +.262441*ALAG1(60) 












SAC = .40837 + 1.258932*ALAG1(91) -.081481*ALAG1(28) + 
1 .867230*ALAG1(68) + .160185*E(I,7) 
SSTK = -1.5062 + 1.092347*ALAG1(87) 
SSTKA=(SSTK+ALAG1(69))/2. 
SPUR = -1.9023 + .065832*ALAG1(96) + .674272*ALAG1(71) 
SMSTK = 7.2425 +.341732*SPUR +1.004773*ALAG1(72) 
SMSKA=(SMSTK+ALAG1(72))/2. 
SPRLA = 19.94 + .025371*ALAG1(96) • .707637*ALAG1(74) 
SVALA = .573 +.893536*(SAC*SPRLA)-BETA(75)*(.893536*(ALAGl(68)* 
1 ALAG1(74))) +BETA(75)*ALAG1(75) 
SSPA = SSTKA + SMSKA + SVALA 
SFERT = -.31640 +.003990*SSPA +.001168*ALAG1(96)+.002377*E(I,7) 
1 -.015193*5(1,17* +.954789*ALAG1(77) 
SSEED = .861572 +3.371047*SAC-BETA(78>*(3.371047*ALAG1(68)) 
1 +(ALAM(78)+BETA{78))*ALAG1(78)-ALAM(78»*BETA(78)*ALAG2(78) 
SLABR = 10.87037 +6.977634*SAC -5.678694*E(I,7) +.185084*ALAG1(791 
1 -BETA(79)*(6.977634*ALAG1(68) -5.678694*E(1-1,7)+.185084* 
2 ALAG2(79)) +BETA(79)*ALAG1(79) 
SMACH = 1.639284 +.152296*SMSKA +.358462*ALAG1(80)-BETA(80)* 
1 (.152296*ALAG1(73)+.358462*AUAG2(80))+BETA(80)*ALAG1(80) 
SHE =-.987297 +.050216*SVALA+.259255*E(I,7)-BETA(81)*(.050216* 
1 ALAG1(75)+.259255*f(I-l,7l)+BETA(81)*ALAGl(81) 
SFOR =46.694 -.351104*E(I,20) +.123960*SMSKA +.297414*ALAG1(82) 
SMISC =23.533 +.004516*SSPA-.200457*E(I,8)+6.427341*E(I,46) 
1 +.621058*ALAG1(83) 
SINT = -.088098 +.059720*SSTKA-BETA(84)*(.059720*ALAGl(70)) 
1 +BETA(84)*ALAG1(84) 
SRTAX = SVALA*E(1,26)*.0001 
STI = SFERT+SSEED+SMACH+SRE+SFOR+SMISC+SINT+SRTAX 
IF(NEYR.GE.1959)G0 TO 267 
IF(NEYR.GE.1950)G0 TO 258 
IF(NEYR.GE.1940)G0 TO 249 
239 SPROD= 5.83 512*(SFERT**.00760)*(SSEED**.12419)*(SLABR**.11918)* 
1(SMACH**.14939)*(SRE**.18878)*(SFOR**.10507)*(SMISC**.10876)* 
2(SINT**.01631)*(SRTAX**.04679) 
GO TO 269 
249 SPROD= 30.84373*(SFERT**.00807)*(SSEED**.07615)*(SLABR**.07965)* 
1(SMACH**.09074)*(SRE**.08768)*(SF0R**.08 866)*(SMISC**.03608)* 
2(SINT**.01777)*(SRTAX**.01557) 
GO TO 269 
258 SPROD= 13.47182*(SFERT**.01716)*(SSEED**.07046)*(SLABR**.07110)* 
1 ( SMACH-**. 20449)* ( SRE**. 14599)* ( SFOR**. 14698 )*( SMISC**.04724 )* 
2(SINT**.01987)*(SRTAX**.02601) 
GO TO 269 
267 SPROD= 7.49232*(SFERT**.02292)*(SSEED**.05864)*(SLABR**.07099)* 
1( SMACH**. 23030)* (SRE**. 21233 )*( SFOR**. 14771 )*•( SMISC**.08874)* 
2 (SINT**.02165)*(SRTAX**.03608) 
269 SCOV = ALAGl(94) 
E(If50» = SCOV 
SS= SPROD + EU,501 





SCO = -180.31 -17.618812*SP + 2.917681*E(I,7) 
1 • 1.457906*LLPU + . 648378*ALAG1(92 ) 
SINV = -7.6462 +.056675»SPR00 +.576716*E(I,50) 
IF(SINV.LT.0.0)SINV=0.0 
SEXP = 2.908997 -4.126980*SP +.665013*E(I,7)+.998645*ALAG1(93) 
1 -BETA(93)*(-4.126980*ALAGI(91)+.665013»E(1-1,7)+.998645* 
2 ALAG2(93)) +BETA(93)*ALAG1(93) 
IF(SEXP.LT.0.0)SEXP=0.0 
STD = SCO + SEXP + SINV 




1 -BETA(98)*C-5.945967*E(1-1,28) +.043865*ALAG2(121)-.403663* 
2 E(I-1,7))+BETA(98)*ALAGl(98) 
CSTK = 310.37 -12.961184*ALAG1(122)+.367038*ALAG1(99) 
CSTKA=(CSTK+ALAG1(99))/2. 
CPUR= 114.4890 +49.19339*E(I,3) +4.960915*E(I,29) -1.221023* 
1 E(I,30)+.017531*ALAGl(127)-BETAtl01)*(49.19339*E(1-1,3) 
2+4.960915*E(1-1,29» -1.221023*E(1-1,30) +.017531*ALAG2(127)) 
3 +BETA(101)*ALAG1(101) 
CMSTK = 54.334 +1.126369*CPUR +.643736*ALAG1(102) 
CMSKA=(CMSTK+ALAG1(102))/2. 
CPRLA = -5.2035 + . 006418*AL AGI ( 127 ) + .964381*ALAGÏ.( 104) 
CVALA = 3.3387 +2.056891*(CPRLA*CAC) 
CSPA = CSTKA + CMSKA + CVALA 
CFERT =67.28732 +.010153*CSPA -1.267623*E(I,39) -4.819786*E(I,46) 
1 +.460728*ALAG1(107)-BETA(107)*(,010153*ALAG1(106) -1.26^623* 
2 E(I-1,39»-4.819786*E(I-1,46)+.460728*ALAG2(107)»+BETA(107)* 
3 ALA61(107) 
CSEED = .59534 +1.637462*CAC 116982*E(I,31»+•347523*ALAG1<108^ 
CLABR=1180.8+71.774889*CAC-.7976940*CMSKA-35.642763*E(P,7t 
CMACH = 5,5201 •.233335*CMSKA -.371254»E(I,7) 
CRE = 14.656 +.049845*CVALA 
CF0R=263.83008 -2.550719*E(I,20)+.253962*CMSKA-3.241473*E(I,7) 
1 -BETA(112)*(-2.550719*E(1-1,20)+.253962*ALAG1(103)-3.241473*E(I 




CINT = .033190 +.062852*CSTKA 
CRTAX =CVALA*E(I,32I*.0001 
CTI = CFERT+CSEED+CMACH+CRE+CFOR+CMISC+CINT+CRTAX 
IF(NEYR.GE.19591 GO TO 367 
IF(NEYR.GE.1950IG0 TO 358 
IF(NEYR.GE.1940)G0 TO 349 
339 CPROO = .00126*(CFEPT**.08028I*(CSEED**.02930)*(CLABR**.599001 
I(CMACH*».08157)*(CRE**.29961)*(CFOR**.10179)*(CMISC**.23047)* 
2(CINT**.01381)*(CRTAX*».05439) 
GO TO 369 
349 CPROD = .04502*(CFERT**.04843)*(CSEED**.01850)*(CLABR»*.43399) 
1(CMACH**.05491)*(CRE**.11398)*(CFOR**.09420)*(CMISC**.11888)* 
2(CINT**.00704)*(CRTAX**.01284) 
GO TO 369 
358 CPROD = .10002*(CFERT**.05498)»(CSEEO**.01319)*(CLABR**.30093) 
1(CMACH**.07483)*(CRE*».14163)*{CF0R**.09426)*(CMISC**.12674)* 
2(CINT**.00887)*(CRTAX**.01521) 
GO TO 369 
367 CPROD = .06230*(CFERT**.06529)*(CSEEO**.01298)*(CLABR**.22691) 
1(CMACH**.09111)*(CRE**.25292)*(CFOR**.10004)*(CMISC**.19043)* 
2(CI NT**.00935)*(CRTAX**.02545) 
369 CCOV = ALAG1(124) + ALAG1(125) 
Ed,51) = CCOV 
es = CPROD +E(I,5l) +E(I,36) 
CD = ALAG1(122) + ALAGl(123) 
CP = 3.8174 +.451878*5(1,33) -.012614*(CS-CD) 
-.159822*E(I,7) +.568873*ALAG1{121) 
CCD = 1.037447 +.012548*5(1,34) +.098325*E(1,51)-BETA(122)* 
(.012548*5(1-1,34) +.098325*E(1-1,51)) +(ALAM(122)+BETA(122) 
) *ALAG1(122)-ALAM(122)*BETA(122)*ALAG2(122) 
CGI = -1.6306 +.468969*CPR0D -.827149*CCD +.162434*5(1,33) 
+.811559*ALAG1(124) 
IF(CGÎ.LT.0.0)CGI=0.0 
CCI =.06851+.358826*ECI,51)+.432854*CPR0D -.457850*CGI 
-.120136*CP +1.460645*E(1,11) 
IF(CCI.LT.0.0)CC1=0.0 
C5XP = .33611 +1.05801*CS -1.097184*CC0 -1.061444*(CGI+CCI) 
-.057921*ALAG1(123) 
IF(CEXP.LT.0.0)C5XP=0.0 
CTD = CCD + CEXP + CGI ^  CCI 
CGY = 112.77 +5.3876152*(CPR0D*CP) +.806768*E(I,35) 
TOBACCO 





1 BETA(130)*(.036'+16*ALAG2(147 )+61.4897*E( 1-1,11 )-.079160* 
2 ALAG2(156) ) + ( A:.AM(130)+BETA(130) )*ALAG1 ( 130 )-ALAM( 130 ) * 
3 BETA(130)*ALAG2(130) 
TSTKA=(TSTK+ALAG1(130))/2. 
TPUR = 9.0299+2.85626*E(1,3)+.009882*ALAGl(156) -.08774*E(I,30) 
TMSTK = 7.1258 +1.853131*TPUR +.825333*ÂLAG1(133) 
TMSKA=(TMSTK+ALAGr(133))/2. 
TPRLÂ=-9.32+.122772*E(I,38)+.009368*ALAGl(156)+.906571*ALAGl(135) 
TVALA = .98023 +11.14121*(TAC*TPRtA) 
TSPA = TSTKA + TMSKA + TVALA 
TFERT = 29,05768 -,365135*5( 1,39) +.015519*ALAG1(156) + .008955*TSPA 
1 -BETA(138)*(-.36$135*E(1-1,39)+.015519*ALAG1(156»+,008955» 
2 ALAG1(137)) +BETA(13e»*ALAGl(138) 
TLABR=2.562988+462.1345*TAC -BETA(139)*(462.1345*ALAG1(129)) 
1 +BETA(139)*ALAG1(139I 
TMACH = .30042 +.092048*TMSKA +.168416*ALAG1(140) 
TRE = 7,129440 +,05855*TVALA +4.280237*E(I,15)-BETA(141)*(.05855* 
1 ALAGX(136)+4.2 80237*E(1-1,15)»+BETA(141)*ALAG1(141) 
TFOR = 45.64423 -.689757*E(Î,20> +.42511G*TMSKA -1,004332*E(I,7) 
1 -BETA(142)*{-,68975T*E(I-1,201+,425110*ALAG1C134) -1.004332* 
2 E(I-1,7)) +BETA(142)*ALAG1(142) 
TMISC = 58.7549 +.025232*TSPA -,893778*E(I,8)-BETA(143)*(,025322* 
1 ALAG1(137) -.893778*E(1-1,8))+BETA(143)*ALAGl(143) 
TINT = -.192929 +.064032*TSTKA-BETA(144)*(.064032*ALAG1(131)) 
1 +BETA(144)*ALAG1(144) 
TRTAX = TVALA*E(1,40)*.0001 
TTI = TFERT • TMACM + TRE + TFOR + TMISC • TINT + TRTAX 
IF(NEYR.GE.1959)G0 TO 467 
IF(NEYR.GE.1950*60 TO 458 
IF(NEYR.GE.1940)GQ TO 449 
439 TPROD = 11.75250*(TFERT**.06041)*(TLABR**.38559)*(TMACH**.01978)* 
1(TRE**,28661)*(TFOR**.06364)*(TMISC**.09763)*(TINT**.02981)* 
2 (TRTAX**,03977» 
GO TO 469 
449 TPROD = 45.63873*(TFERT**.04570)*(TLABR**.34342)*(TMACH**.01386)* 
ItTRE**.13224)*(TF0R**,06521)*(TMISC**.05163)*(TINT**.01654)* 
2 (TRTAX**,01065» 
GO TO 469 
458 TPROD = 49.47014*(TFERT**.03709)*(TLABR**.32368)*(TMACH**,02045)* 
1(TRE**.16542)* CTFOR**.06384)*(TMISC**.06375)*(TINT**.00890)* 
2 (TRTAX**.01362) 
GO TO 469 
467 TPROD = 48.58644*(TFERT**.03034)*(TLABR**.30764)*(TMACH**.02079)* 
1(TRE**.20103)*(TFOR**.05518)*(TMISC**.07527)*(TINT**.01006)* 
2 (TRTAX**.01599) 
469 TCOV = Al.AGl(154) 
E(1,521 = TCOV 
TS = TPROD * Ed,52) 
TD X ALA61(152) + ALAG1(153) 
TP=22.77353 +.349545*E(1,41)-.003811*(TS-TD)-BETAl151)*(•349545* 
1E(I-1,41)-.003811*(ALAG1(149)-ALAG1(150)I)+(ALAM(151)+BETA(151)) 
2 *ALAG1(151) -ALAM(151)*BETA(151)*ALAG2(151) 
TCD = 785.31 -2.37458*E(I,42)+.512364*E(I,14)+.164695*ALAG1(152) 
TEXP=298.052 -.047309*E(1,43)+8.717103*E<I,7)-BETA(153)*(-.047309 





TTD = TCD + TEXP + TINV 
TGY = 37. 34228+. 009236* (TPROD*TP)-BET AU 56 )»(. 009236* (-ALAGH147)* 




USSTKA = FGSTKA+WSTKA+SSTKA+CSTKA+TSTKA+LSTKA+<<E(I,66)+ 




1 /2. ) 
USVALA=FGVALA+WVALA+SVALA+CVALA+TVALA+LVALA+EI1,69) 
USSPA = USSTKA + USMSKA + USVALA 
USFERT=FGFERT+WFERT+SFERT+CFERT+TFERT+E(1,70) 
USSEED=FGSEED+WSEED+SSEED+CSEEO +E(1,71) 









USATI = USTI*E(Î,79) 
USGY=FGGY+WGY+SGY4-CGY+TGY+LGY+E (1,80) 
USNY = USGY-USATI 
USTFLF = USLABR*E(I,82l 
USSPF = USSTKA / Ed,811 
USMSPF = USMSKA / Ed,811 
USVPF = USVALA / E(I,81> 
USAPF USSPA / E(I,81) 
USGPF=USGY / E(I,B1» 
USNPF=USNY / Ed,811 
USGTF=USGY / USTFLF 
USNTF=USNY / USTFLF 
YEAR=NEYR 
KK=JJ 








WRlTEdO*JJ> SIM, YEAR, (ALAG2( MM) ,MM=1 ,67) , SAC, SSTK,SSTKA,SPUR, 
1SMSTK,SMSKA,SPRLA,SVALA,SSPA,SFERT,SSEE0,SLABR,SMACH,SRE,SF0R, 
2SMISC,SINT,SRTAX,STI,SPROD,SCOV,SS,SD,SP,SCD,SEXP,SINV,STD,SGY,BLN 
3,CAC,CSTK,CSTKA,CPUR,CMSTK,CMSKA,CPRLA,CVALA,CSPA,CFERT,CSEED, 
4 CLABR,CMACH,CRE,CFOR,CMISC,CINT,CRTAX,CTI,CPROD»CCOV,CS,CD,CP, 
5 CCD,CEXP,GGI,CCI,CTO,CGY,BLN 
REAO(10*JJ) SIM,YEAR,(ALAG2(MM),MM=ljl28) 
WRITEdO'JJ)SIM,YEAR,(ALAG2(MM),MM=l,l28),TAC,TSTK,TSTKA,TPUR, 
1 TMSTK,TMSKA,TPRLA,TVALA,TSPA,TFERT,TLABR,TMACH,TRE,TFOR,TMISC, 
2 TINT,TRTAX,TTI,TPROD,TCOV,TS,TD,TP.TCD,TEXP,TINV,TTD,TGY,BLN 
3,LLPUR,LSTK,LSTKA,LPUR,LMSTK,LMSKA,LVALA,LSPA,LFEED,LLABR,LMACH, 
4 LRE,LFOR,LMISC,LINT,LRTAX,LTI,BLN 
READ(IO'JJ) SIM,YEAR,(ALAG2(MM),MM=1,175) 
WRITE(10'JJ)SIM,YEAR,(ALAG2(MM),MM=1,175 »,USAC,USSTK,USSTKA,USPUR, 
1 USMSTk,USMSKA,USVALA,USSPA,USFERT,USSEED,USLABR,USMACH,-USRE, 
2 USFOR,USMISC,USINT,USRTAX,USTI,USATI,USGY,USNY,USTFLF,USSPF, 
IUSMSPF,USVPF,USAPF,USGPF,USNPF,USGTF,USNTF 
WRITE(3,198)JJ,NREC, SIM,NEYR,BYEAR,AYEAR 
199 CONTINUE 
WRITE(3,75) 
STOP 
END 
